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Falls Screening in Community- Dwelling Older Adults
Abstract
Falls screening can prevent falls and their consequences. The two studies of this thesis aimed
to identify the accuracy of falls screening tools and explore patient preferences and empirical
validity of the self-rated Falls Risk Questionnaire (FRQ). The first study, Systematic Literature
Review, found the Toulouse-St. Louis University Mini Falls Assessment and the Activitiesspecific Balance Confidence scale Hindi version emerged as accurate tools for predicting falls
in the target population. The second study determined most of respondents, 36%, had no
preference between Activities Specific Balance Confidence 6 items (ABC-6) or FRQ. The
Bland & Altman approach revealed a degree of agreement between the FRQ and ABC-6.
Furthermore, respondents with a history of falls had substantially lower FRQ and ABC-6
scores than non-fallers. Findings of this thesis can be used to support the use of the FRQ that
the CDC and several health institutes recommend for falls screening in older adults.

Keywords
Accidental, Screening tools, Community-dwelling older adults, Systematic Literature
Review, Risk assessments
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Summary for Lay Audience
Falls Screening in Community- Dwelling Older Adults

Abstract
In the first study, we identified and summarized published studies of falls screening
questionnaires in community-dwelling older adults. In the second study, we explored patient
preferences and whether or not the self-rated Falls Risk Questionnaire (FRQ) and the
Activities-specific Balance Confidence 6 items (ABC-6) provide similar results about falls
risks.
What is the problem?
Falls are most common in older people. As a result, they need to consider whether or not they
are at risk of falling. Completing questionnaires designed to predict their risk of falling is one
way to accomplish this. The questionnaires must be understandable to older adults and
provide accurate data.
How did the team study the problem?
We conducted a review study on falls screening questionnaires in the first study and
participants were asked to take the FRQ and ABC-6 online surveys in the second study.
What did the team find?
In the first study, we found that the fall rates among older adults varied between 10% and 39%.
We found that the Toulouse-Saint-Louis University Mini Falls Assessment and the Activitiesspecific balance confidence scale Hindi version accurately predicted falls in communitydwelling older adults. About 44.8% of respondents reported they had fallen in the previous
year. The FRQ and ABC-6 scores of people who had a history of falling were lower than those
who had never fallen. There was good agreement between both questionnaires. Most of
respondents, 36% had no preference between the ABC-6 or FRQ for falls screening. A variety
of reasons were given regarding preference.
How can this research be used?
The first study results updated our knowledge about falls screening questionnaires and their
accuracy for predicting falls. The second study results can be evidence to promote the use of
the FRQ as a falls screening tool in community-dwelling older adults.
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Cautions
Because of the COVID-19 crisis, the survey was conducted online. Also, we considered
people older than 55 years as older adults. Furthermore, the fall rates and classification of
participants as fallers or non-fallers were determined using falls history and retrospective
design, which might not be an accurate estimate of the fall rate.
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Co-Authorship Statement
This thesis contains material from an accepted manuscript. Aleksandra Zecevic, and Shirin
Modarsei are the coauthors in Chapter 2.
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Chapter 1

1

Literature Review

1.1 Older adults
In 2019, there were 703 million people aged 65 and up in worldwide. In 2050, one in every six
people in the world will be over 65 and up, and the number of older adults is expected to double
to 1.5 billion. The proportion of people aged 65 and up in the global population rose from 6%
in 1990 to 9% in 2019. By 2050, the percentage is expected to increase to 16% (United Nations,
2019). The number of older people aging in their own homes has been rapidly growing, and
these people are more likely to experience a fall (Public Health Agency of Canada, 2014).
In Canada, older adults have outnumbered children since 2015/2016. On July 1, 2020, there
were 6,835,866 Canadian seniors aged 65 years and up, representing 18.0% of the population,
compared to 6,038,647 children aged 0 to 14 years, representing 15.9%. Over the next few
decades, it is expected that the number of seniors will continue to rise. By 2025, older
Canadians could make up more than a fifth of the population, and by 2059, they could make
up a fourth (Statistics Canada, 2020). In America, approximately 16.5% of the population in
2019 was 65 or older, with that number predicted to rise to 22% by 2050 (Statista, 2021).
According to one-year results (2016) by the American Community Survey (ACS), the number
of people aged 65 and up in the United States was 49.2 million. More than half of them (28.75
million, or 58%) were between 65 and 74 years (Roberts et al., 2018). The Australian
population is also ageing. Older adults make up a significant portion of Australia's population:
In 2017, nearly 3.8 million people aged 65 and up accounted for 15% of the total population.
Over the next few decades, this proportion is expected to increase gradually (Australian
Institute of Health and Welfare, 2018). In the Republic of Ireland, there were nearly 696
thousand (around 14%) people aged 65 and up in 2019 (Statista, 2019), In New Zealand, the
number of older adults is expected to double in the next 20 years; people aged 65 and up now
make up 15% of New Zealand's population (Parr-Brownlie et al., 2020). In the United
Kingdom, there were almost 12 million people aged 65 and up; one in every five UK citizens,
or 21.8%, will be 65 or older by 2030 (Age UK, 2019).

1.2 Falls
The term fall has various definitions in current literature. Older adults and health team members
focus mostly on the consequences of falling, while researchers define the falls event itself
(Zecevic et al., 2006). Falling is the major cause of injuries, emergency admission, disability,
1

loss of independence, and injury-related death in older adults (Kenny et al., 2017). Among
older people in Canada, falls are the most common cause of injury-related hospitalizations
(Billette & Janz, 2011). Meanwhile, fractures account for 37% of all fall-related injuries (Do
et al., 2015). The costs of fall-related injuries and hospitalization rates in older adults have also
been increasing. Falls are the most common cause of functional status decline in older adults;
they result in an increase of health service usage and socioeconomic problems for older adults,
their families, and the societies they live in. Thus, various fall prevention programs are needed
(World Health Organization, 2007). However, identifying high-risk older people is timeconsuming, complicated, and not easily accomplished (Reider & Gaul, 2016). Older adults
typically enter fall prevention programs, including falls screening, assessment, and
intervention, after they have suffered a fall-related injury, by which point it is too late to
implement preventative interventions (Elliott et al., 2012; Yardley et al., 2007). Fall prevention
plans for older adults are a high priority for health care systems. Through the continuum of
care, screening older adults at risk of falls with a valid and reliable tool is the first and most
significant step for fall prevention. Therefore, screening the older adults who are at risks of
falling by a simple and accurate self-assessment approach will have many advantages for both
individuals and healthcare systems.

1.3 Falls screening tools and falls assessment tools
Many falls screening tools and falls risk assessment tools are available in inpatient and longterm care facilities such as nursing homes, rehabilitation facilities, inpatient behavioral health
facilities, and long-term chronic care hospitals. However, there are also some falls screening
tools that identify older adults at risk of falling in the community, such as the Home Falls and
Accidents Screening Tool (HOME FAST) (Mackenzie et al., 2000), Community
Multidimensional Fall Risk Screening (Abbott, 2009), Comprehensive Falls Risk Screening
Instrument (CFRSI) (Fabre et al., 2010), Fall Risk Assessment & Screening Tool (FRAST)
(Renfro & Fehrer, 2011), Falls Risk for Older People in the Community (FROP-Com) (Russell
et al., 2009), and self-report home environment screening tool (Hassani Mehraban et al., 2011).
The increase in the number of falls assessment tools in recent years reveals an apparent
tendency to develop new instruments, but only some of these tools are recommended to be
administered in clinical situations. To find a gold standard, it would be logical to validate the
existing tools in more countries, rather than develop new ones (Ruggieri et al., 2018).
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1.4 ABC-6
The ABC-16, which was developed in 1995 by Powell and Meyers, this scale measures
respondents’ confidence with 16 questions about balance-challenging tasks. Respondents, rate
their level of balance confidence on each item on the ABC scale that is graded on an ordinal
scale with 11 categories and ten-percentage-point intervals between them ranging from of 0%
(not confident) to 100% (completely confident) (Powell & Myers, 1995). The 16-item version
has been validated in many languages: Chinese Mandarin (Guan et al., 2011),
Chinese Cantonese (Mak et al., 2007), Italian (Franchignoni et al., 2014), Hebrew (Peretz et
al., 2006), English (Powell & Myers, 1995; Schepens et al., 2010), German (Schott, 2012),
Arabic (Elboim–Gabyzon et al., 2019), Brazilian Portuguese (Freitas et al., 2020; Marques et
al., 2013), Japanese (Ishige et al., 2020), Persian (Monjezi et al., 2019), Canadian French
(Salbach et al., 2006), British English (Parry et al., 2001), and Hindi version (J A Moiz et al.,
2016).
The ABC-16 scale has been used in a variety of settings, and psychometric studies have shown
applying ABC-16 for community-dwelling older adults (Huang & Wang, 2009; Jamal Ali Moiz
et al., 2017; Paker et al., 2017; Talley et al., 2008). According to published reports, the ABC16 scale has a high level of internal consistency (Bello-Haas et al., 2011; Hsu & Miller, 2006;
Huang & Wang, 2009; Mak et al., 2007; Miller et al., 2003; Montilla-Ibáñez et al., 2017; Paker
et al., 2017; Talley et al., 2008), high test-retest reliability (Paker et al., 2017) intra class
correlation coefficient (Hsu & Miller, 2006; Mak et al., 2007; Miller et al., 2003; MontillaIbáñez et al., 2017; Paker et al., 2017) and adequate interrater reliability (Mak et al., 2007).
The ABC-16 is ideal for identifying if an older person has lost their sense of balance (Powell
& Myers, 1995) and previous research has shown that balance confidence is inversely related
to balance impairment (Hatch et al., 2003; Marchetti et al., 2011; Nemmers & Miller, 2008).
The Berg Balance Scale, the Dizziness Handicap Inventory, and Falls Efficacy Scale have
excellent concurrent validity with the ABC-16 scale (Huang & Wang, 2009; Montilla-Ibáñez
et al., 2017; Paker et al., 2017). Balance confidence can be a better predictor of falls compared
to the fear of falls (Landers et al., 2016).
Turning is one of the most common movements done before a fall, and falls involving turning
result in eight times the number of hip fractures compared to falls while walking in a straight
path (Leach et al., 2018). In older adults, longer turning times, more steps, and higher roll peak
trunk velocities (PTV) during turns are associated with lower balance confidence scores. The
turning performance in older adults of both genders is influenced by balance confidence. The
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association between low balance confidence and turning kinematics demonstrates that turning
is associated with an increased chance of falling. (Almajid et al., 2020)
The ABC-16 tool can be time-consuming and Peretz et al. (2006) developed a 6-item version
of the ABC tool (ABC-6) for the evaluation, management, and care of patients in busy daily
clinical practice and research settings. The following tasks are included in the ABC-6:
(Q1) standing on tiptoes reaching for something above your head,
(Q2) standing on a chair reaching for something,
(Q3) bumped into by people as you walk through the mall,
(Q4) walking onto or off an escalator while holding onto a railing,
(Q5) walking onto or off an escalator while holding onto parcels such that you cannot hold
onto the railing, and
(Q6) walking outside on an icy sidewalk.
The ABC-6 had excellent reliability and moderate to high associations with physical activity,
mobility, balance, and overall risk of falls (Peretz et al., 2006; Skipper & Ellis, 2015). The
ABC-6 has been validated in four languages: Italian (Franchignoni et al., 2014), Hebrew
(Peretz et al., 2006; Schepens et al., 2010), Germany (Schott, 2012), and English. The study
results from Schepens et al. (2010) showed that the ABC-6 was a valid, reliable measure of
balance confidence in community-dwelling older adults, and it had stronger relationships to
falls than the ABC-16 (Schepens et al., 2010). Furthermore, the ABC-6 was a more reliable
choice for community-based falls risk screenings according to its ability to discriminate
between fallers and non-fallers, and it was an accurate predictor of total falls risk (Skipper &
Ellis, 2015). Fuller et al. (2019) found that both the ABC-16 and ABC-6 items scales exhibited
excellent relative reliability, good internal consistency, and construct validity. However, they
reported lower absolute reliability for ABC-6 items and poor agreement between the two scales
in 60 people with lower extremity amputations in the 18 years and older group (Fuller et al.,
2019).
Powell and Myers (1995) found that the ABC was a great tool to assess seniors at different
levels of function; people who self-reported balance confidence scores of more than 80%
actually had good balance in reality. They reported mean ABC score 80.9 for non-fallers and
38.3 for fallers (Powell & Myers, 1995). Lajoie et al. (2002) reported that non-fallers had mean
ABC scores of more than 87.5%, whereas fallers scores was less than 48%. (Lajoie et al., 2002).
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1.5 FRQ
In 2011, Rubenstein et al. developed the self-rated Falls Risk Questionnaire (FRQ) as a falls
screening tool for community-dwelling older adults in the neighborhood populations of Los
Angeles County in the USA. The FRQ is a self-rated 12-item questionnaire that assesses fall
risk factors such as the history of previous falls during the past six months, the use of a cane or
walker, unsteadiness, the fear of falling, depression, vision, and medications. The FRQ
identifies a fall risk when the total score is at least 4 points (Vivrette et al., 2011).
Sertel et al. (2018) calculated the cut-off point of 4.5 for the FRQ based on Area Under the
Curve ROC curve analysis for older adults with mild cognitive function (sensitivity = 56.03%,
specificity = 74.23%). Through this analysis, they concluded that the FRQ appeared to have
high discriminatory power for older adults with cognitive impairments (Sertel et al., 2018). The
FRQ is recommended by the Centers for Disease Control and Prevention (Centers for Disease
Control and Prevention, 2017) and many prominent institutions in Canada currently use or
advise using the FRQ for community-dwelling older adults. Some examples include: Finding
Balance & Injury Prevention developed by the Injury Prevention Centre at the University of
Alberta ("Are you at risk of falling?," 2017), Seniors BC, General practice service committee
(GPSC), BC injury research and prevention unit, BC medical association, Center of Excellence
on Mobility, Fall Prevention and Injury in Aging (CEMFI), and BC Falls and Injury Prevention
Coalition (BCFIPC)("Staying Independent," n.d.-a), Ontario North East Local Health
Integration Network (LHIN) (Home and Community care service, n.d.), Algoma Public health,
North Bay Parry Sound District, Porcupine Health Unit, Sudbury & District Health Unit,
Timiskaming Health Unit, Champlin LHIN, Eastern Ontario Health Unit (EOHU), Renfrew
County and District Health Unit ("Staying Independent," n.d.-b), Waterloo Wellington LHIN,
Region of Waterloo Public Health, Wellington Dufferin Guelph Public Health("Staying
Independent," n.d.-c). Ottawa Public Health (OPH)("Staying Independent: Check Your Fall
Risk!," 2011).
The FRQ developers performed a preliminary validation for the FRQ and assessed independent
predictors of falls by comparing the results of the FRQ in 38 older adults with an assumed gold
standard of a clinical evaluation of risks proposed in the American/British Geriatrics Society
guidelines. They found strong agreement and good concurrent validity between the FRQ and
clinical evaluation (kappa = 0.9, p < 0.0001). However, they said a larger validation is needed
to determine the actual strength of the FRQ in predicting future falls (Rubenstein et al., 2011).
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In a prospective study, Kitcharanant et al. (2020) evaluated the validity and reliability of the
Thai version of the FRQ in older adults with osteoporosis. They recruited 68 men and women
over 65 years of age with diagnosed osteoporosis. They evaluated the validity and reliability
of the Thai version of the FRQ by measuring the correlation of the scores among four tools:
the FRQ, Thai falls risk assessment test (Thai-FRAT); the Timed Up-and-Go test (TUG test);
the Berg Balance Scale (BBS); and the 5 Times Sit-To-Stand test (5TSTS test). Also, they used
test-retest reliability and internal consistency for measuring the reliability of the FRQ. The
correlations between the scores of the FRQ and all other screening tools were statistically
significant (p < 0.0). The test-retest reliability result of the FRQ was high, with a kappa of 1.
The internal consistency of the FRQ was excellent, with a Cronbach's alpha of 0.9. Their
findings indicated that the FRQ demonstrated acceptable levels of validity and reliability for
predicting falls in older adults with osteoporosis (Kitcharanant et al., 2020).

1.6 Bland and Altman method
Bland and Altman (1986) stated: "In clinical measurement comparison of a new measurement
technique with an established one is often needed to see whether they agree sufficiently for the
new to replace the old". To replace a new method with an established one, it is necessary to
measure the agreement between the two methods to see whether they agree sufficiently (Bland
& Altman, 1986). In 1983, Bland and Altman (B &A) realized that the product-moment
correlation coefficient (r) measures the strength of association between two measurement
methods and could not answer the question of whether or not measurement methods could
agree to each other and be used interchangeably. They stated that the two-measurement method
could show correlation, but this does not mean there is necessarily an agreement between the
assessed methods. They concluded that the use of correlation is misleading (Altman & Bland,
1983). For measuring the overall agreement between two methods, Bland and Altman
introduced a new graphical approach technique based on the calculation of the mean and
standard deviation of the difference between the two measurements and creating the limits of
agreement (LOA) - the maximum allowed difference between methods (Bland & Altman,
2010). In the B &A plot, any difference between the two methods of measurements (Bias) is
plotted against the mean of the measurement (95% limits of agreement) (Giavarina, 2015).

1.7 Patients’ preferences
Client preferences can be defined as the specific conditions and activities that clients want in
their therapy. Findings from 35 studies that have examined the preference effect with adult
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clients showed that clients with programs tailored to their preferred care settings were less
likely to drop out of therapy early and had better treatment results (Swift et al., 2011). Patient
participation will range from simply accepting a physician's advice to having a detailed
conversation comparing the specific agreement related to all available treatment options
(Whitney et al., 2004). With the increase in the number of treatment options during recent
years, the percentage of patients who like to choose one treatment over another also increased.
In recent research, a higher proportion of patients tended to have an active role in treatment
decisions than in older studies. In 63% of the 115 eligible studies, patients tended to share their
choices with doctors; in 71% of studies conducted after 2000, respondents favoured sharing
decision-making positions, compared to 50% of studies completed before 2000 (Chewning et
al., 2012). Nurses, physicians, and healthcare planners who have a better understanding of
patients' preferences are better equipped to provide services that are more affordable, reliable,
and tailored to the patients' preferences (Brennan & Strombom, 1998). Taking patients'
expectations for treatment options into account is central to current patterns of shared patientdoctor decision-making. It is also likely to be important in improving patient adherence to care
and patient health outcomes. As a result, it is necessary to be aware of patients' care preferences
and establish suitable, accurate, and effective methods for eliciting them (Bowling & Ebrahim,
2001). Lindhiem et al.’s (2014) study findings showed the therapeutic benefits of considering
client preferences and offering treatment options when two or more effective alternatives
treatment are available.
The following were the two research questions that guided this thesis:
1. Which falls screening tools are accurate in predicting falls among communitydwelling older adults?
2. What is the level of agreement and patients’ preferences between FRQ and ABC-6?
And the specific objectives of this thesis were as follows:
1. To identify falls screening tools for community-dwelling older adults published from
January 2010 to July 2018.
2. To determine the accuracy of falls screening tools in predicting falls among
community-dwelling older adults.
3. To identify the level of agreement between the FRQ and the ABC-6 in screening for
fall risk in a sample of community-dwelling older adults.
4. To compare FRQ and ABC-6 scores in older adults with and without a history of
falls.
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5. To identify important concepts missed in the FRQ and ABC-6 questionnaires, as well
as participants' suggestions for improving these questionnaires.
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Chapter 2
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2

Systematic Literature Review of Fall Screening Tools for
Community-dwelling Older Adults.

2.1

Abstract

Introduction: This systematic literature review aimed to identify and summarize studies of the
accuracy of falls screening tools in community-dwelling older adults.
Evidence Acquisition: Papers published between January 2010 and July 2018 were chosen
from three electronic databases. The selected studies' quality was assessed independently by
two reviewers using Quality Assessment of Diagnostic Accuracy Studies -2. This included 14
studies, which evaluated 16 different falls screening tools.
Evidence Synthesis: Fall rates ranged from 9.9% to 38.6%, and the duration of follow-up varied
from 3 to 12 months. Only five screening tools had both sensitivity and specificity exceeding
70%. The Toulouse-St. Louis University Mini Falls Assessment and the Activities-specific
balance confidence scale Hindi version tools emerged as accurate tools for prediction of falls
in community-dwelling older adults.
Conclusions: Given the variability of the results, it is currently not possible to recommend a
single reliable and robust falls screening tool to predict falls in community-dwelling older
adults.

Keywords
Falls, Screening tools, Community-dwelling older adults, Systematic Literature Review
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2.2 Introduction
The number of older adults living in the community is rapidly growing. Research has shown
that this population is more likely to fall when compared to other age groups (Public Health
Agency of Canada, 2014). Falling is the major cause of injuries, disability, loss of
independence, and premature death in older adults (Kangas et al., 2012). In general, programs
for fall prevention in community-dwelling older adults contain three steps: screening older
adults for fall-risk, assessing multiple risk factors for those at high risk, and implementing a
tailored intervention (Ganz et al., 2007).
Falls screening tools and falls risk assessment tools are different in terms of their structure,
content, and results (Haines et al., 2007; Scott et al., 2007). These terms are sometimes used
interchangeably (Australian Commission on Safety and Quality in Healthcare, 2009). Best
practice guidelines and peer-reviewed publications indicate that there is an inconsistency in the
use of the terms “falls screening” and “falls risk assessment” (Australian Commission on
Safety and Quality in Healthcare, 2009; Registered Nurses Association of Ontario, 2017). Falls
screening is a short process that aims to identify older adults who are at risk for falls (College
of Occupational Therapists, 2015; National Institute for Care Excellence, 2013). Positive
screening results identify older adults who are at risk of falls, and they need to go to the second
step for a comprehensive falls risk assessment (Registered Nurses Association of Ontario,
2017). Screening tools should have good sensitivity and specificity in detecting fallers, and
their usage should be quick and easy (Scott et al., 2007). A falls risk assessment is a more
comprehensive process than a falls risk screening process. The main difference is that the tools
used for falls risk assessment contain a list of falls risk factors and an action plan or intervention
to mitigate every identified risk factor (Haines et al., 2007). However, assessment tools with a
high number of items require more time to complete (Higaonna et al., 2017). Falls risk
assessment is generally assessed in a clinical setting by a multi-disciplinary team, which may
include physiotherapists, geriatricians, advanced practice nurses, physicians, social workers,
or occupational therapists (Greene et al., 2012; Rosenberg et al., 2014).
There are two kinds of published systematic literature reviews (SLRs) regarding the evaluated
accuracy of falls screening tools for predicting falls risk: SLRs that include only studies among
community-dwelling older adults (Gates et al., 2008; Lusardi et al., 2017) and SLRs that
include studies conducted in hospitals and long-term care facilities and among communitydwelling older adults (Lee et al., 2013; Park, 2017; Perell et al., 2001; Scott et al., 2007). As a
general rule, the literature should be reviewed every two years to reveal the progression of
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knowledge and the necessity to update the review (Holly, Salmond, & Saimbert, 2012). Two
SLRs were published on this topic in 2017: one by Park and colleagues and another by Lusardi
and colleagues. However, the SLR by Park et al. (2017) had its last search date in June 2016,
with 20 included papers published before 2012, whereas the SLR by Lusardi et al. (2017)
included one paper from 2013, with the remainder published prior to 2011. Therefore, a new
SLR is needed to provide an update on studies published from January 2010 to July 2018. The
findings of this SLR can determine whether or not developing new tools for detecting falls in
community-dwelling older adults is necessary.
The purpose of this SLR was to answer the following question: Which falls screening tools are
accurate in predicting falls among community-dwelling older adults? The specific objectives
of this SLR are as follows:
(1) To identify falls screening tools for community-dwelling older adults published from
January 2010 to July 2018.
(2) To determine the accuracy of falls screening tools in predicting falls among communitydwelling older adults.

2.3 Methods
2.3.1

Design

This SLR was prepared in accordance with the guidelines of the Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy (Deeks et al., 2013). The Review Manager
(RevMan) software version 5.3 was used for preparing and maintaining Cochrane Reviews
(http://community.cochrane.org/help/tools-and-software/revman-web),

(Review

Manager

(RevMan), 2014).

2.3.2

Data source and search strategy

Three electronic databases, namely Web of Science, PsycINFO, and Cumulative Index to
Nursing and Allied Health Literature (CINAHL), were used to identify studies for this SLR.
The timeline from January 2010 to July 2018 was chosen to include papers that were published
in the past eight years that were not included in the 2017 SLRs by Park et al. and Lusardi et al.
Two independent reviewers (HK) and (SM) used the following terms and their synonyms to
search for relevant papers: (“older adult*” OR senior* OR elderly OR age* ) AND (community
OR "independent living" OR "aging in place") AND (“accidental fall*” OR fall* OR “slip and
fall” OR “fall and slip”) AND (screen* OR assess* OR prevent* OR predict* OR prognos*
OR diagnos*) AND (tool*).
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2.3.3

Eligibility requirements

The inclusion criteria included the following: prospective cohort studies that evaluated the
performance of one or more falls screening tools in community-dwelling older adults; follow‐
up durations of at least three months; the tool was available in English; the tool was reported
in full-text peer-reviewed articles; the target population was community-dwelling older adults
aged 60 years or over; and the article reported appropriate data for the calculation of Diagnostic
Test Accuracy (DTA) measures.
The following exclusion criteria were used: studies that reported falls history due to dementia,
neurologic diseases such as stroke and Parkinson’s disease, or occupational falls; studies
exploring the relationship of a screening tool to another screening tool as a gold standard;
studies with retrospective designs; studies included in previous systematic reviews; and studies
that were laboratory-based and used wearable sensors or computer instruments for measuring
falls.

2.3.4

Study selection and screening

A flow diagram of the study selection is presented in Figure 2-1. In total, 514 papers were
retrieved from three electronic databases (Web of Science, PsycINFO, and CINAHL) and
another source (Google Scholar). After removing duplicate papers, 501 remained. In the next
stage, the titles and abstracts of 433 articles were screened, and 68 papers were selected for
full-text reviews based on the inclusion criteria. Finally, 18 papers were selected for quality
assessment by QUADAS-2; after careful screening, four studies were excluded after their
quality assessment by QUADAS-2, and in the end, only 14 studies were eligible for inclusion
in this SLR.
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Identification
Screening

Additional records
identified through other
source
(n=27)

Records identified through
database searches
Web of science (n:307)
PsycInfo (n:36)
Cinahl (n:144)

Records after duplication removed
(n:501)

Eligibility

Total records screened
(n:501)

Records excluded based on title
and abstract
(n:433)

Full text records assessed for
eligibility
(n:68)

Included

Records include in qualitive
syntheses QUADAS-2 (n:18)

Full text records excluded
(n:50)
Reasons:
Laboratory based tools (n:13)
Relevant data not reported
(n:14)
Retrospective studies
(n:17)
Published in a previous study
(n: 4)
Case-control design (n:2)

Records included in review
(n:14)
Figure 2-1. Flow chart of studies selection for this Systematic Literature Review
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2.3.5

Data extraction

For the purposes of this SLR, a 2×2 table was used to categorize older adults by falls status,
screening test results, and the number of True Positive (TP), False Positive (FP), True Negative
(TN), and False Negative (FN), PPV, NPV, LR+ and LR-. They were calculated by the first
author using Review Manager software in the cases where they were not reported in the original
studies (see Table 2-1).
Table 2-1. Table for interpreting the result of Diagnostic Test Accuracy (DTA)
Reference test
Fallers (F +)

Non- Fallers (F-)

TP

FP

PPV=TP/(TP+FP)

FN

TN

NPV=TN/(TN+FN)

T+
Screening
Test (T)
results

T-

TPR (Sn)= L {T+ if F+}
FPR=L {T+ if F-}
LR+=TPR/FPR
= TP/TP+FN
=FP/(FP+TN)
LR-=FNR/TNR
FNR =L {T- if F+}
TNR(Sp) =L {T- if F-}
=FN/(TP+FN)
=TN/(FP+FN)
TP: True Positive; FP: False Positive; FN: False Negative; TN: True Negative; PPV: positive predictive
value; NPV: Negative Predictive Value; LR: Likelihood Ratio; Sn: Sensitivity; Sp: Specificity; TPR: True
Positive Rate; FPR: False Positive Rate; FNR: False Negative Rate; TNR: True Negative rate.

2.3.6

Quality assessment

The quality of the selected studies was assessed independently by two reviewers, (HK) and
(SM), using Quality Assessment of Diagnostic Accuracy Studies -2 (QUADAS-2) (Whiting et
al., 2011). QUADAS-2 is designed to assess the quality of primary DTA studies. QUADAS-2
consists of four domains: patient selection, index test, reference standard, and flow and timing.
For each study, the four domains were assessed in terms of risk of bias; this involved
considering the degree of bias in the DTA estimates. First, three key domains - patient
selection, index test, and reference standard - were used for evaluating concerns about the
applicability of studies (i.e., the extent to which the primary studies apply to the review’s
research question). The first part of each QUADAS-2 domain concerns bias and comprises of
two sections: signaling questions and judgment of risk of bias. The two reviewers answered
each signaling question in QUADAS-2 as “yes, no, or unclear.” “Yes” designated a low risk
of bias, “no” indicated a high risk of bias, and “unclear” indicated a lack of sufficient
information. The risk of bias is judged as “low,” “high,” or “unclear.” If all the signaling
questions for a domain are answered “yes,” then the risk of bias can be judged “low.” If any
signaling question is answered “no,” this flags the potential for bias. Disagreements between
the reviewers were resolved by discussion and consensus. Applicability parts are structured in
a similar way to the bias parts, but do not include signaling questions. Concerns regarding
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applicability are rated as “low,” “high,” or “unclear.” Again, the “unclear” category is only
used when insufficient data is reported.

2.4 Results
2.4.1

Quality of included studies

The results of the studies’ quality assessment by QUADAS-2 are summarised in Figure 2-2
and Figure 2-3.

Figure 2-2. Risk of bias and applicability express authors' judgements about each
domain presented as percentages across included studies
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Figure 2-3. Risk of bias and applicability concerns summary of authors' judgements
about each domain for each included study
Of the 14 studies included in this SLR, 10 met three and more low risk of bias and applicability
concerns in the QUADAS-2 domains, which are represented by the green color in figure 2-3.
This means that the quality of the included studies was generally acceptable. However, the
methodological quality of the 14 studies was different. The following are the details of the
included studies across the four domains in QUADAS-2.
Patient selection: This domain describes the methods of patient selection, such as previous
testing, presentation, intended use of index test, and setting. A study should ideally recruit all
consecutive patients or a random sample of qualified patients with a suspected disease,
otherwise there is potential for bias. There might be concerns about applicability if the patients
involved in the study vary when compared to those targeted by the review question. In this
study, six of the studies were at high risk of bias and risk of applicability in the patient selection
domain (Chen et al., 2018; Chow et al., 2018; Harper et al., 2018; Hirase et al., 2014; Kang et
al., 2018; Obrist et al., 2016). The high-risk bias in patient selection was caused by using
convenience sampling instead of consecutive or random sampling. For instance, in the study
by Chow et al. (2018), participants were relatively healthy community-dwelling older adults
who volunteered to participate in health checkups. Another reason for the high risk of bias in
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patient selection was related to inappropriate exclusions. For example, Chen et al. (2018)
excluded male participants and 84% of Hohatari et al.’s (2013) subjects were women.
Index test: This domain describes the index test, as well as how the conduct or interpretation
of the index test has introduced bias. If the index test results were interpreted without the
knowledge of the results of the reference standard, this item can be rated for a low risk of bias.
If the index test methods vary from those pre-specified in the review question, there may be
concerns regarding applicability. If the interpretation of test results was blinded and the
threshold (Cut-off) value was pre-specified, there is a low concern about applicability. In this
study, the risk of bias and risk of applicability in the index test was only high in four studies,
which include Chow et al. (2018), Harper et al. (2018), Obrist et al. (2016), and Siong et al.
(2016). The high risk for this domain was related to the threshold either not being used or not
being pre-specified.
Reference standard: This domain describes the reference standard and how it correctly
classifies the target condition, in addition to the reference standard results interpreted without
the knowledge of the results of the index test. If the target condition defined by the reference
standard does not match the question, there may be concerns regarding applicability. In this
study, the risk of bias in this domain was low in all the studies because they were prospective
studies; faller and non-faller groups were well classified, the falls rates were properly
determined, and the results of falls screening were interpreted without knowledge of the
following falls rate.
Flow and timing: This domain describe any patients who did not receive the index tests or
reference standard, and it also describes the appropriate intervals and any interventions
between index tests and the reference standard. In this study, bias was reported in four studies
because they did not include all the participants in the final analysis and the falls follow-up
duration was three months (Hirase et al., 2014; Kang et al., 2017, 2018; Rouck et al., 2018).

2.4.2

Study findings

The fourteen included studies evaluated sixteen different falls screening tools that were not
published in previous SLRs (see Table 2-2). Tools other than Timed Up and Go Test (TUGT)
and Gait Speed have been evaluated in single studies. Although TUGT was evaluated in four
studies and Gait Speed was evaluated in two studies, the results were not comparable as
QUADAS-2 determined that these studies had either poor reporting or methodological bias.
Therefore, it was not possible to provide a quantitative summary of the accuracy of falls

24

screening tools. Additional high-quality studies, which provide adequate information for metaanalysis, are needed.
Table 2-2. Screening tools included in this systematic literature review
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Screening tool
Suzuk's modified fall risk factors screening tool
Five risk factors screening tool
Short Physical Performance Battery (SPPB)
Gait speed/Gait velocity
Elderly Mobility Scale (EMS)
Two-Item Screening Tool
Falls Risk for Older Persons—Community Setting
Screening Tool (FROP Com Screen)
Toulouse-St. Louis University Mini Falls Assessment
(TSLUMFA)
Activities-specific balance confidence (ABC) scale Hindi
version
Two-question tool
Short-form Physiological Profile Assessment (PPA)
Maximum step length
Berg balance scale-9 (BBS-9)
Online Fall-Risk Questionnaire
TUGT

16 Chair test

Studies
(Hirase et al., 2014)
(Kang et al., 2018)
(Chen et al., 2018)
(Bongers et al., 2015; Chen et al.,
2018)
(Chen et al., 2018)
(Harper et al., 2018)
(Harper et al., 2018)
(Rouck et al., 2018)
(Jamal Ali Moiz et al., 2017)
(Rodríguez-Molinero et al., 2017)
(Siong et al., 2016)
(Bongers et al., 2015)
(Hohtari-Kivimäki et al., 2013)
(Obrist et al., 2016)
(Chen et al., 2018; Chow et al.,
2018; Kang et al., 2017; Kojima
et al., 2015)
(Chow et al., 2018)

The studies selected for this SLR were conducted in 11 countries. The sample sizes ranged
from 103 (Rouck et al., 2018) to 619 (Kang et al., 2018), with 50% of the studies having more
than 290 participants. The duration of falls follow-up varied from three months (Hirase et al.,
2014; Rouck et al., 2018) to 12 months (Bongers et al., 2015; Chen et al., 2018; HohtariKivimäki et al., 2013; Kang et al., 2017, 2018; Jamal Ali Moiz et al., 2017; RodríguezMolinero et al., 2017; Siong et al., 2016), and four studies used six month follow-ups (Chow
et al., 2018; Harper et al., 2018; Kojima et al., 2015; Obrist et al., 2016) (see Table 2-3).
Five screening tools, namely Gait Speed, Short-form Physiological Profile Assessment
(SPPB), Two-question tool, Toulouse-St. Louis University Mini Falls Assessment
(TSLUMFA), and Activities-specific Balance Confidence scale Hindi version (ABC-H), had
Sn and Sp values of at least 70%, demonstrating that these tools may be generally acceptable
for both the assessment and screening of falls among community-dwelling older adults (Chen
et al., 2018; Hirase et al., 2014; Jamal Ali Moiz et al., 2017; Rodríguez-Molinero et al., 2017;
Rouck et al., 2018). Siong et al. (2016) and Bongers et al. (2015) did not report Sn and Sp
values in their studies. In the remaining studies, the Area Under the Receiver Operating
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Characteristic (AUROC) curve values were close to 0.5 and were associated with Sn values of
less than 50%. Only nine tools in this study had Sn values greater than 0.70: TSLUMFA had
0.93, TUGT had 0.92, ABC-H had 0.86, Suzuki's modified fall risk factors screening tool
(FRFST) had 0.84, chair test had 0.78, Gait Speed/Gait velocity had 0.76, TUGT had 0.71,
SPPB had 0.71, and Two-question tool had 0.70. Only two of the tools listed above were
reported to have Sn and AUROC curve values of more than 0.90.
The following are detailed results for each screening tool in table 2-3.

26

Follow-up
(months)

TP
(TN)

FP
(FN)

SN
(95% CI)

SP
(95% CI)

+LR
(95% CI)

-LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

SPPB

65 75.5 100
(6.2)

124 36
(76)

32

10.5

12

26
(59)

17
(10)

0.71

0.78

3.23

0.36

0.60

0.85

TUGT

65 75.5
(6.2)

100

124 36
(76)

32

13.9

12

33
(49)

27
(3)

0.92

0.64

2.58

0.13

0.55

0.99

Gait speed 65 75.5
Gait velocity
(6.2)
(m/s)
EMS
65 75.5
(6.2)

100

124 36
(76)

32

0.38

12

27
(55)

21
(9)

0.76

0.72

2.71

0.34

0.56

0.86

100

124 36
(76)

32

19.5

12

22
(52)

24
(14)

0.61

0.69

1.93

0.79

0.48

0.79

TUGT

65 74.4 111 192 51 26.60 NR
(7.4) (57.8) (141)

6

36
(40)

1.04

65 74.4 111 192 51 26.60 NR
(7.4) (57.8) (141)

6

40
(33)

0.28
(0.21–
0.38)
0.23
(0.17–
0.31)
0.57
(0.470.66)
0.70
(0.610.78)

0.98

Chair test

101 0.71
(15) (0.56–
0.82)
108 0.78
(11) (0.65–
0.89)
51
0.48
(35) (0.360.60)
35
0.39
(41) (0.270.51)

0.73
(0.59–
0.84)
75.0 NR
(0. 60–
0.87)
0.66 0.54
(0.450.63)
0.43 0.67 0.57
(0.480.66)

Chow et al.
2018
(USA)

Harper et al.
2018
(Australia)

Two-Item 65 79.1
Screening
(7.4)
Tool
FROP
65 79.1
Com- Screen
(7.4)

117 185 67
(66) (118)

36

NR

6

32
(67)

117 185 67
(66) (118)

36

NR

6

26
(83)

27

1.11

0.26
(0.19–
0.34)
0.92 27.0
(0.20–
0.35)
0.92 0.39

1.31

0.87

1.02

AUROC
(95% CI)

Cut off

Chen et al.
2018
(Taiwan)

Age
Mean (SD)
Female (%)

Tool

Sub jects

Authors
Year
(Country)

Falls rate %

Total. N
(Non -fallers N)
Fallers N

Table 2-3. Descriptive characteristics of the studies included in the review

0.82
(0.730.91)
0.81
(0.720.91)
0.81
(0.720.90)
0.71
(0.600.82)
NR

Cut off

Follow-up
(months)

TP
(TN)

FP
(FN)

SN
(95% CI)

SP
(95% CI)

+LR
(95% CI)

-LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

AUROC
(95% CI)

60 67.4 357 619 125 20.10
(5.6) (57.7) (487)

7

12

29
(482)

12
(96)

0.23

0.97

9.55

0.79

70.7

83.6

NR

0.96
(0.940.98)
0.73
(0.640.82)
0.91
(0.84–
0.95)
0.74
(0.660.82

64 77.3
(7.9)

72
(70)

103 23 22.30
(80)
<21

3

15
(58)

6
(1)

0.93

0.90

10

0.06

0.71

0.98

60 67.4
(5.6)

307

541 113 20.88 15.96
(428)
S

12

16
(419)

9
(97)

0.14

0.98

6.73

0.88

0.70

0.81

≤
12
58.13

19
(90)

13
(3)

0.86
(65.1–
97.1)
0.70
(0.560.84)

70.2 15
125 22
(6.39) (29.6) (103)

17.6

64 80.7 376 460 46
Median (62.5) (414)

9.9

3

12

32
(298)

116
(14)

60 69.3
(5.6)

60
134 25
(45) (109)

19

NR

6

NR

NR

NR

NR

NR

NR

NR

NR

0.67
(0.540.81)

70 76.2
(4.3)

193 352 136 38.63
(55) (216)

1

12

NR

NR

NR

NR

NR

NR

NR

NR

70 76.2
(4.3)

193 352 136 38.63
(55) (216)

1

12

NR

NR

NR

NR

NR

NR

NR

NR

0.53
(0.470.59)
0.50
(0.430.56)

60-86

Rouck et al.
2018
(USA)
Kang et al.
TUGT
2017
(China)
Moiz et al.
ABC-H
2017
(India)
Rodríguez-Molinero Twoet al.
question tool
2017
(Spain)
Obrist et al.
Online Fall2016
Risk
(Switzerland)
Questionnair
e
Bongers et al.
Gait speed
2015
(Netherlands)
Maximum
step length

Falls rate %

Five risk
factors
screening
tool
TSLUMFA

Total. N
(Non -fallers N)
Fallers N

Kang et al.
2018
(China)

Age
Mean (SD)
Female (%)

Tool

Sub jects

Authors
Year
(Country)
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0.87
6.8
0.16 59.4 96.8
(79.4– (5.7- (0.05- (40.6- (90.893.1) 8.2)
0.5) 76.3) 99.3)
0.72 2.48 0.42 0.22 0.95
(0.680.76)

Cut off

Follow-up
(months)

TP
(TN)

FP
(FN)

SN
(95% CI)

SP
(95% CI)

+LR
(95% CI)

-LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

16.4

NR

12

NR

NR

NR

NR

NR

NR

NR

NR

TUGT

65 72.6 164 259 59 22.80 12.6
(5.9) (63.3) (200)
s

6

18
(179)

21
(41)

0.30

0.89

2.91

0.78

0.46

60 75.3 524 464 76
(7.1) (84.2) (388)

AUROC
(95% CI)

Falls rate %

Short-form
(PPA)

Total. N
(Non -fallers N)
Fallers N

Siong et al.
2015
(China)
Kojima et al.
2015
(UK)
Hirase et al.
2014
(Japan)

Age
Mean (SD)
Female (%)

Tool

Sub jects

Authors
Year
(Country)

0.53
(0.450.60)
0.81 0.58
(0.490.67)
0.96 0.73

Suzuki's
4
3
39
79
0.84 0.68 2.64 0.22 0.33
65 81.6 240 292 46 15.6
modified fall
(6.2) (82.4) (146)
(167) (7)
risk factors
screening
tool
Hohtari-Kivima¨ et al. (BBS-9)
12
53
178 0.51 0.57 1.18 0.86 0.23 0.82 0.57
65 72.4 438 519 104 20
2013
(84) (415)
(273) (51)
(0.5132
(Finland)
0.64)
SPPB: Short Physical Performance Battery; TUGT: Timed Up and Go Test; EMS: Elderly Mobility Scale; FROP Com Screen: FROP Falls Risk for Older
Persons—Community Setting Screening Tool; TSLUMFA and FRAIL: Toulouse-St. Louis University Mini Falls Assessment and FRAIL; ABC-H:
Activities-specific balance confidence (ABC) scale Hindi version; PPA: Physical Performance Assessment; BBS: Berg Balance Scale -9. TP: True Positive;
TN: True Negative; FP: False Positive; FN: False Negative; Sn: Sensitivity; Sp: Specificity; +LR: Positive Likelihood Ratio; -LR: Negative Likelihood Ratio;
CI: Confidence Interval; PPV: Positive Predictive Value; NPV: Negative Predictive Value; AUROC: Area Under the Receiver Operating Characteristic curve
(AUROC); NR: not reported.
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2.5 Discussion
The 14 studies included in this SLR did not provide adequate scientific evidence to determine
which falls screening tools are the best for predicting falls among community-dwelling older
adults. Five tools, namely Two-Item Screening Tool, short-form Physiological Profile
Assessment (PPA), Maximum step length, Online Fall-Risk Questionnaire and Chair test
(Bongers et al., 2015; Chow et al., 2018; Harper et al., 2018; Obrist et al., 2016; Siong et al.,
2016), did not demonstrate adequate accuracy and therefore cannot be recommended for
predicting falls in community-dwelling older adults. In addition, the evidence is minimal to
support the use of Five Risk Factors Screening Tool, “Two-question tool,” and Suzuki's
modified FRFST (Hirase et al., 2014; Kang et al., 2018; Rodríguez-Molinero et al., 2017)
because these tools were only reported in a single study and the authors of current study were
not aware of other literature that could confirm their accuracy and utility in the target
population.
Having a diagnostic test with Sn and Sp values of 100% is unrealistic due to the nature of the
associated errors. Interpreting high Sn with low Sp or high Sp with low Sn in a diagnostic test
can be problematic for researchers and healthcare professionals. To better understand the
difference between screening and assessment, the following should be considered. A diagnostic
test with high Sn is suitable for the initial screening. High Sn indicates that the screening test
correctly identified most older adults at risk of falls. A test with 100% Sn will not have any FN
results. Therefore, a negative result in a test with very high Sn means it is probably TN, and it
rules out potential falls. Sensitivity is useful for ruling out the disease (falls) when the test result
is negative, as explained by the mnemonic SnNOut – high Sensitivity, Negative test, rule out.
Falls screening tools with high Sn and low Sp also achieve the primary goal of a falls screening
to identify older people at high risk of falls. On the other hand, high-Sp tests are used to make
definitive diagnoses: A test with 100% Sp would not have any FP results. Therefore, a positive
test result, in combination with high Sp, means it is probably TP. A follow-up confirmatory
test with high Sp is suitable for people who were determined to be at risk in the first test
screening and helps to identify those who are most likely to fall. Specificity is good for ruling
in the diagnosis of falls when the test result is positive, as explained by the mnemonic SpPIn high Specificity, Positive test, rule in. The following is a discussion of eight specific tools based
on the findings of this SLR.
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The Timed Up and Go Test (TUGT): This tool is a modified version of the original “Get up
and Go” test developed in 1986 (Mathias et al., 1986). This tool is commonly used in research
and clinical settings as a screening tool. This SLR identified inconsistencies in the results of
TUGT’s ability to predict falls in community-dwelling older adults. Two studies, Kojima et al.
(2015) and Chow et al. (2018) found that TUGT has limitations to predict future falls. Because
of high Sp, this tool may be more suitable for ruling in and assessing falls in communitydwelling older adults, rather than using it as a screening tool for future falls in older adults. In
agreement with these two studies, a systematic review and meta-analysis by Barry and
colleagues in 2014 reported that TUGT was more useful for ruling in and assessing falls in
individuals classified as high risk of falls and that this tool is inadequate in predicting falls in
community-dwelling older adults (Barry et al., 2014).
On the other hand, Chen et al. (2017) and Kang et al. (2017) reported that TUGT might be used
as an appropriate screening tool among older people. In line with these studies, a systematic
review by Park et al. (2017) concluded that the Sp of TUGT was very low in comparison to
other screening tools and recommended that TUGT should be used in combination with another
tool with a relatively stable Sp to predict falls among community-dwelling older adults (Park,
2017). In another systematic literature review, Lusardi et al. (2017) reported that TUGT is an
evidence-supported, performance-based measure to predict an individual’s risk of future falls
(Lusardi et al., 2017). Shumway et al. (2000) reported that TUGT was sensitive and specific
enough to identify community-dwelling older people who are prone to falling, and that TUGT
alone is able to predict falls in older adults (Shumway-Cook et al., 2000).
Gait speed: Bongers et al. (2015) reported that gait speed as a single-item tool is too inadequate
to predict future falls in community-dwelling older adults. Chen et al.’s (2018) study results
are in line with Hong et al.’s (2016) results, such that a walking speed slower than 0.7 m/s is a
reliable predictor of falls in community-dwelling older adults in Korea. Based on the
discrepancy of findings about the predictive ability of the gait speed, further research is
recommended.
Short Physical Performance Battery (SPPB): this tool is a series of three fundamental motor
tests (tandem tests, five timed chair stands and a gait speed test), which are meant to examine
the lower limb function and mobility of older people (Guralnik et al., 1995). The ability of the
SPPB to distinguish between fallers and non-fallers has been questioned, however it has been
shown that the SPPB total score is not inferior to the Performance-Oriented Mobility
Assessment scale in terms of reported falls in older outpatients (Lauretani et al., 2019). Over
one to four years of follow-up, the SPPB was a clinically effective performance measure for
31

fall risk categorization in older people (Welch et al., 2020). In this SLR, Chen et al. (2018)
reported SPPB to have acceptable values for Sn and relatively high accuracy to identify falls
risk in older people. They also reported that SPPB used in conjunction with TUGT appear to
be the best predictive tools for identifying future falls. This is further supported by Kim et al.
(2017): SPPB can be used as a falls screening tool for community-dwelling older adults. This
tool was not included in the previous SLRs (Gates et al., 2008; J. Lee et al., 2013; Lusardi et
al., 2017; Park, 2017; Perell et al., 2001; Scott et al., 2007)
Berg Balance Scale (BBS): The BBS consists of 14 movement tasks and takes approximately
15 minutes to complete (Berg et al., 1992). In their SLR, Hohtari-Kivimaki et al. (2013) found
that BBS-9, together with medication and data on vision, can be used to predict falls in
community-dwelling older adults. The results of this SLR are consistent with the findings of
SLRs by Nelus et al. (2011) and Lima et al. (2018) as they found that BBS alone cannot predict
falls in older adults (Lima et al., 2018; Neuls et al., 2011). Lusardi et al. (2017), in a systematic
literature review, reported BBS as one of the most evidence-supported functional measures to
identify older adults who are at risk of future falls (Lusardi et al., 2017). In another systematic
review, Lee et al. (2013) found that BBS was one assessment tool that can be used to assess
falls risk in patients in post stroke rehabilitation (J. Lee et al., 2013).
Elderly Mobility Scale (EMS): Chen et al. (2018) reported that the EMS possesses a moderate
AUROC value (0.71), relatively low Sn, and Sp with a cut-off score of 19.5. Their study
supports Prosser and Canby’s (1997) study, which concluded that the predictive validity of
EMS for falls is weak. EMS was never studied in previous SLRs (Gates et al., 2008; J. Lee et
al., 2013; Lusardi et al., 2017; Park, 2017; Perell et al., 2001; Scott et al., 2007).
Falls Risk for Older Persons—Community Setting Screening Tool (FROP-Com): Russell
et al. (2009) stated that the FROP-Com screen has a relatively good capacity to predict falls.
In a study included in this SLR, Harper et al. (2018) concluded that the FROP-Com screen tool
has the limited ability to predict falls at six months in older participants. This tool was never
studied in the four previously published SLRs (Gates et al., 2008; Lusardi et al., 2017; Perell
et al., 2001; Scott et al., 2007). However, two SLRs, namely Lee and Park, considered the
FROP-Com screen tool in their study, but they did not report it as a tool with good predictive
validity for falls in community-dwelling older adults (J. Lee et al., 2013; Park, 2017).
Activities-specific Balance Confidence scale Hindi version (ABC-H scale): Apart from the
English version (Powell & Myers, 1995b), the ABC scale has been translated and adapted into
Canadian- French (Salbach et al., 2006), Chinese (Mak et al., 2007), German (Schott, 2008),
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Turkish (Demirkiran et al., 2015), British English (Parry et al., 2001), Brazilian Portuguese
(Marques et al., 2013) (17), and Indian (J A Moiz et al., 2016).
The findings of Moize’s et al.’s (2016) study confirmed that the ABC-H scale has good
psychometric properties in older adults (J A Moiz et al., 2016). However, eight items on the
ABC scale were modified on the ABC-H scale. Most of these modifications involved wording
changes. For example, the word “mall” was replaced with “shops” or “shopping center” in
three items. The word “car” was replaced with “vehicle” in two items, “car parked in driveway”
was replaced with “standing vehicle in front,” and “icy sidewalks” was replaced with “slippery
pavement (J A Moiz et al., 2016).
Moize et al. (2017) concluded that the ABC-H scale has an adequate ability to predict future
falls. These findings are supported by Lajoie & Gallagher's (2004) study, where ABC scores
were found to significantly predict falls with 89% Sn and 96% Sp. This tool was developed
after the previous published SLRs about falls screening tools in community-dwelling older
adults, so this tool was not included in the previous SLRs (Gates et al., 2008; J. Lee et al., 2013;
Lusardi et al., 2017; Park, 2017; Perell et al., 2001; Scott et al., 2007).
Toulouse-St. Louis University Mini Falls Assessment (TSLUMFA): Rouck et al. (2018)
concluded that TSLUMFA can classify an older adult with a moderate risk for falls apart from
an older adult with a high risk for falls. This tool was developed after the previous SLRs about
falls screening tools in community-dwelling older adults were published (Gates et al., 2008; J.
Lee et al., 2013; Lusardi et al., 2017; Park, 2017; Perell et al., 2001; Scott et al., 2007).The
most prominent limitation of this SLR stems from its use of convenience sampling and
consecutive selection bias in the majority of included studies. Other limitations are the
heterogeneity of included studies in terms of methodology, screening, cut-off points, scoring
systems, data analyses, and outcome measures. The results of those studies were not
comparable and could not be combined for a meta-analysis.

2.6 Conclusion
This SLR evaluated 14 studies that assessed 16 different falls screening tools for communitydwelling older adults. Two tools, TSLUMFA and ABC-H, had sensitivity more than 85%, in
addition to sound methodology. They emerged as accurate tools for the prediction of falls in
community-dwelling older adults. However, both of the studies that reported on these tools had
small sample sizes and were developed in recent years, 2018 and 2017 respectively. Future
research is recommended to determine their true predictive validity. The poor quality of the
included studies, specifically in a domain of participant selection and diversity in the study’s
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results, preclude a strong recommendation of any single screening tool as an accurate and
robust falls screening tool to predict falls in community-dwelling older adults. Consequently,
20 years after the first SLR about falls screening tools in community-dwelling older adults was
published, the dilemma surrounding the development of a new tool or the continued use of
existing tools remains unresolved.
The findings of this SLR identified several areas for future research. Three of the screening
tools reported here, which include the Five Risk Factors Screening Tool, Two-question tool
,and Suzuki's modified FRFST (Hirase et al., 2014; Kang et al., 2018; Rodríguez-Molinero et
al., 2017), were examined in single studies, and future research is recommended to determine
their true predictive validity. Further, some reviewed tools were primarily tested in specific
populations such as healthy community-dwelling older adults; further assessments in other
contexts is needed to determine their general validity. Lastly, high-quality studies with large
sample sizes and appropriate methodology with comparable results to estimate the Sn and Sp
of tools are needed.
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Chapter 3

3

Agreement and Participants’ Preferences Comparing:
Self-rated Falls Risk Questionnaire (FRQ) and Activitiesspecific Balance Confidence (ABC) Scale in CommunityDwelling Older Adults

3.1 Abstract
Screening for fall risks is an important part of fall and fracture prevention. Self-reported fall
risk tools like the Falls Risk Questionnaire (FRQ) or Activities Specific Balance Confidence 6
items (ABC-6) might be useful components of comprehensive prevention programs. This study
investigated cross-sectional inter-instrumental agreement and participants' preferences of the
FRQ and ABC-6. Through online and snowball sampling survey, 114 respondents were
recruited from six countries. Respondents were asked to fill out FRQ and ABC-6. The mean
respondent age was 67 years, and 44.8% reported falls in the past year. The mean of rescored
FRQ and ABC-6 scores were 68.6 % and 66.2 %, respectively. The FRQ and ABC-6 scores
for fallers were significantly lower than non-fallers. Bland and Altman's method indicated the
mean -2.6 and two standard deviations 20.9 differences between ABC-6 and FRQ, which
means an overall agreement between these tools. When asked about preferences between the
questionnaires in screening tools for future falls, most 36% had no preference, 34% preferred
none, 21% preferred the ABC-6, and 9% preferred the FRQ.

Keywords:
Accidental falls, aged, risk assessments
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3.2 Introduction
The percentage of fall-related injuries of older people living in communities reported between
12% to 42%, with up to 20% requiring medical attention and 10% experiencing a fracture due
to osteoporosis (Hill & Schwarz, 2014). Presently, no falls screening tool is known to be
accurate enough to be regarded as a gold standard, but it can be assumed that ABC-6 is an
adequate standard of care, as previous studies have approved its excellent reliability and
moderate to high associations with physical activity, mobility, balance, and overall risk of falls
(Peretz et al., 2006; Skipper & Ellis, 2015). Therefore, there is a need to compare the FRQ and
ABC-6 through an agreement study to find research-based evidence for the administration of
the FRQ. While an agreement between the two self-report measures does not directly determine
diagnostic accuracy, it is important to understand whether the two instruments can be expected
to provide similar findings. If the two outcome measures agree with each other, participant
preferences might be the major factor to distinguish which of the two measures is likely to be
most useful. The result of this study can be used as a piece of research evidence for using the
FRQ for falls screening and to find whether the FRQ and ABC-6 can be used interchangeably.
Therefore, this study aims to examine agreement and respondent preferences between the FRQ
and ABC-6 in community-dwelling older adults using the Bland-Altman statistical approach.
The purposes of this study are to determine the following in remote application of the FRQ and
ABC-6 in a sample of community-dwelling older adults
1. The level of agreement,
2. If the FRQ and ABC-6 scores are different in people with/without a history of falls,
3. Respondent preferences,
4. If respondents find any important concepts missing, and suggestions for improvement.

3.3 Methods
3.3.1

Design

This study was a cross-sectional inter-instrumental agreement and participants preference
study that compared the FRQ and ABC-6.

3.3.2

Population/Respondents

This study was conducted with 114 community-dwelling older adults. The respondents were
at least 55 years old, lived independently in their communities, and lived in countries where
English is the official language. Respondents living in institutional settings, such as long-term
care homes, retirement homes, or special care facilities, were excluded from this study.
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3.3.3

Procedures

Due to Covid-19 crisis restrictions, this study was conducted online, and respondents were
recruited through Facebook, Twitter, LinkedIn, and Kijiji, as well as through passive snowball
sampling as users liked, shared, and circulated the study survey link to others. Researchers
chose Facebook because it is the most popular online social network (Heidemann et al., 2012).
Older adults seem more active in Facebook compared with other social media. Jung et al.
(2016) found 55% of older people 60 years old were Facebook users (Jung & Sundar, 2016).
The research team created a study-specific Facebook page entitled "Agreement & Older Adults
Preference of Fall Scales" as a medium for posting advertisements to recruit respondents for
this study. This page briefly described the study, introduced the researchers involved in
collecting the data, and provided the research team's contact details. The student-researcher
was a member of several Facebook groups associated with older adult communities, with
approximately total members of 200 k. This enabled the student-researcher to invite study
respondents through Facebook. The researchers considered Facebook groups' contexts and
selected the ones they expected to have older respondents and posted the study-specific
Facebook page at the selected group. Appendix A and B.
Besides the Facebook group, in this study, we used the Facebook advertisement system.
Student-researcher set the study Facebook page for people older than 54 years and living in 6
English-speaking countries (Canada, USA, Australia, Ireland, New Zealand, and UK and
Northern Ireland). Participation was completely voluntary, anonymous, and confidential.
Facebook users interested in participating in this survey clicked on the survey link on the
study's Facebook page. The Facebook page directed respondents to the survey landing page,
which was consists of an online letter of information, consent letter, and study information.
Login was not needed for this survey. If respondents chose to consent, they could continue to
the anonymous survey.
We used Twitter as another method to recruit respondents in this study. About 40% of
caregivers who responded to the online survey said they learned about the research through
Twitter (Wasilewski et al., 2018). We had set up a Twitter account with a "FallsScreening"
username to reach the study target population in community-dwelling older adults (Appendix
C). This Twitter account aimed to circulate the study survey link among potential respondents
as widely as possible. We invited our following users, individuals, or relevant ageing-related
organizations to retweet the study recruitment tweets and spread the study survey link. The
survey link directed respondents to the study survey in Qualtrics. The tweets were short study-
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related messages that contain the link to the survey. Here is an example of the study tweet that
posted:
UWO #researchers invite 55+ #seniors to compare #falls #screening & #balance
Confidence #questionnaires at study link
This study also used LinkedIn to spread the link. The student-researcher shared the study page
with people in his network and requested them to share the study page in their social media
networks. The study page was also posted on Kijiji and Craigslist. Though, Kijiji only
displayed the study page in London (Canada) location and only for a short time. Further,
Craigslist did not publish the advertisement at all.
To protect the respondents' confidentiality and anonymity, we made it clear for respondents
that they should contact the researcher directly through the provided email and avoid replying
to our posts on Facebook, Twitter, LinkedIn or other advertisement systems. Respondents were
informed of their right to refuse to participate or withdraw from the study at any time without
any negative consequences. At any time during the anonymous survey, respondents could have
chosen to exit the survey entirely by closing the page. No incentive compensation was offered
for participating in this study.
Throughout the survey, respondents asked sociodemographic and health characteristics
questions and questions about two surveys, FRQ and ABC-6. To consider inclusion and
exclusion criteria of this study, a skip logic option setup was implemented for some survey
questions such as "age and independently community-dwelling". The survey was programmed
and ended if respondents chose the survey options that showed the participant was not eligible
for the study. Selecting survey options that match the inclusion criteria of the study guided
respondents to the next step.

3.3.4

Survey duration

Participation in this survey took respondents about 15 minutes to read the online version of the
information letter, sign a consent form, fill out the FRQ and ABC-6 online surveys, and answer
sociodemographic and health characteristics questions.

3.3.5

Sample size

For the first objective of this study, a sample size of 114 was used. This was sufficient because
the minimum sample size based on information from Bland’s website was recommended to be
100 (M. Bland, 2004). Bland and Altman using standard errors and confidence intervals to
show how the estimates of the limit of agreements are precise. If the differences between two

44

measures are normally distributed, 95% of the differences lie between
Altman, 1986). The standard error of
error of

is about

is

(J. M. Bland &

, where n is the sample size, and the standard

(J. M. Bland & Altman, 2010). If we chose 100 respondents

with 95% confidence interval of the level of agreement {1.96

)} the standard error is

equal about +/- 0.3s.
In this study for calculating sample size for objective two we considered the comparison of
mean and standard error ABC-6 scores between fallers (66.6  5.6) and non-fallers (80.9  4.1)
in older adults, with ( = 0.2), ( = 0.05), and the ratio sample size of non-fallers to fallers is
1 (Schepens et al., 2010).
SD fallers = 22.2
SD non fallers = 17.8
Pooled valued of standard deviation (Sp)=20.2
N=2(1.96+0.8)2 *20.22/ (80.9-66.6) =32
A sample size of 64 is calculated by using the below formula for comparing two independent
means (Clifton et al., 2019):

N= sample size
Z1−α/2 ≈ 1.96, when α = 0.05
Z1−β ≈ 0.84, when β = 0.20
S2p = the variance of the sample proportion

The total sample size of the study was the larger of the samples from objectives one and two.
Therefore, in this case, a sample size of 114 covered all the objectives of this study.

3.3.6

Data Collection

The survey responses were collected anonymously through a secure UWO online survey
platform called Qualtrics. Qualtrics uses encryption technology and restricted access
authorizations to protect all the collected data. In addition, Western University's Qualtrics
server is in Ireland, where privacy standards are maintained under the European Union’s Safe
Harbour Framework. The data is then exported from Qualtrics and securely stored on Western
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University's server. To access and analyze the anonymous data, encrypted password-protected
secure laptops are used. Privacy and confidentiality were considered in this study

3.3.7

Statistical Analysis

In this study, data analyses were performed using SPSS Statistics version 26 (IBM SPSS
Statistics for Mac, Version 26.0. Armonk, NY: IBM Corp). Descriptive and inferential
statistical approaches were used for data analysis in this study. The sources of data in this study
included the UWO Qualtrics survey results. The collected data helped identify the respondents'
preferences and agreements when comparing the two online falls screening tools.
The Bland-Altman technique was used to examine the FRQ and ABC-6 score agreement and
determined the size and distribution of differences between the FRQ and ABC-6 scores. Using
the Bland-Altman measure, the differences between the FRQ and ABC-6 scores were plotted
against the mean of their scores. Lines were drawn onto the plot to indicate the calculated mean
difference in scores. A histogram of these differences was plotted.
The non-parametric Mann-Whitney test was used to compare the FRQ and ABC-6 scores
between fallers and non-fallers in community-dwelling older adults. The chi-squared test was
used to compare the FRQ and ABC-6 in terms of respondents' preferences among fallers and
non-fallers. Descriptive statistics, such as frequency, described missing falls-related items in
the FRQ and ABC-6 identified by the community-dwelling older adults.
For FRQ scoring, a two-point scale (2 = yes, 0 = no) was used for items 1 and 2. A two-point
scale (1 = yes, 0 = no) was used for items 3 to 12. The sum of the 12 item scores was the total
score of the FRQ. The final scores would have been between 0 and 14, where a score of 4 or
higher concludes that the older adult may be at risk of falling.
To compare the FRQ scores with the ABC-6 scores, the FRQ scores were rescaled to be
between 0 and 100 and used for the data analysis. Additionally, the ABC-6 scale and FRQ raw
scores have opposite directions compared to each other; a higher score of FRQ represents a
higher falls risk, whereas a higher score of ABC-6 is represents a higher balance confidence
and a lower falls risk. As such, the FRQ score was reversed by subtracting each participant's
score from the maximum (100) to correspond with the ABC-6 score.
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3.4 Results
3.4.1

Sociodemographic data

In this study, 179 responses were received through Qualtrics from August 2, 2020, to August
31, 2020. The responses of 56 participants were discarded because those individuals did not
complete both the FRQ and the ABC-6 questions. Next, nine survey responses were removed
from the analysis because the respondents lived in countries where English was not the official
language. The final sample size of this study was 114. As shown in Figure 3-1, the respondents
of this study were recruited from six English-speaking countries -Canada, USA, Australia, New
Zealand, and UK and Northern Ireland. In this study, Canadian and Irish respondents were the
highest and lowest percentages of the sample, at 37% and 9%, respectively.

Percentage of respondents in six countries

Australia
11%

USA
17%

UK
15%
Canada
37%

New Zealand
11%
Ireland
9%

Figure 3-1. Percentage of respondents in six countries.
The mean of respondent age was 67 years and standard deviation was 7.8 years, ranging from
55 to 93. About 43% of the respondents were in the 55–64-year age group. In this study, the
proportion of males and females was approximately balanced. 48.5% of respondents were
retired and around 85% of respondents introduced themselves as white. Almost half of the
respondents were married 47.4%, lived with a spouse, partner, or roommate 37.7%, and owned
their home (free and clear, no mortgage) 50.4%. About 15.9 % of the respondents reported an
educational level of a college diploma. The respondents of this study had between one to ten
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children; 27.4% of the respondents had two children, and the mean and standard deviation of
number of children was 2.9 and 1.7 respectively. For more details, see Table 3-1
Table 3-1. Demographic characteristics of respondents
Variables
Sex

Age (Year)

Marital Status

Living arrangement

Number of children

Home Ownership

Educational level

Male
Female
Other
Total
55-64
65-74
75-93
Total
Married
Widowed
Divorced
Separated
Single
Other (Long term relationship, same partner and
remarried)
Common-Law
Total
Living alone
Living with spouse /partner
/roommate
Living with spouse/partner and children
Living with children
Living with others
Total
None
1
2
3
4
5
Total
Rent
Own (with mortgage payment)
Own (free and clear, no mortgage)
Other
Total
Grade school
High school diploma
Apprenticeship or other trades certificate
College diploma
University below bachelor's
Bachelor's degree or higher
Total

Frequency
57
55
2
114
49
42
23
114
54
16
19
1
16
3

Percent
50.0
48.2
1.8
100
43
36.8
20.2
100
47.4
14
16.7
0.9
14
2.6

5
114
40
43

04.4
100
35.1
37.7

18
7
6
114
28
20
31
17
10
7
113
27
25
57
4
113
8
15
15
18
4
53
113

15.8
6.1
5.3
100
24.8
17.7
27.4
15
8.8
6.3
100
23.9
22.1
50.4
3.5
100
7.1
13.3
13.3
15.9
3.5
46.9
100

Figure 3-2 shows respondent’s health status. In this study, 31.6 % of respondents reported their
health as very good, while the percentages of older people who reported their health as either
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excellent or poor were the 9.6% and 8.8%, respectively. Acute and chronic diseases reported
by respondents were 14% and 66.7%, respectively. The most common acute illness was
cardiovascular disease. The most common chronic diseases were “joint pain and disease” and
“abnormal blood pressure,” which were each reported by 25.4% of all respondents The least
common chronic disease was “stroke,” at 1.8%. Another notable disease was “osteoporosis”
reported by 7.9% of participants. (Figure 3-3). About 79 % of the respondents used prescription
drugs, varying from one drug 10.5 % to five or more 25.43%, as seen in (Table 3-2).

Frequency

Health status
35

31.6

30

26.3
23.7

25
20
15
10

9.6

8.8

5
0
Health status
Excellent

Very Good

Figure 3-2. Health status of the respondents
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Good

Fair

Poor

Chronic Disease
30

Frequency

25

20
15
25.4

25.4

10

17.5

19.3
14.9

5

12.3

9.6

7.9

7.9

7

1.8

0
Category 1
Joint pain or joint disease

Abnormal blood pressure

Hearing difficulty

Diabetes mellitus

Vision problem

Cardiovascular

Osteoporosis

Cancer

lung disease2

Stroke

others

Figure 3-3. Percentages of different types of chorionic disease reported by respondents

Table 3-2. Number of prescription drugs currently taking by respondents
Variable

Frequency
24
12
17
17
13
29
114

None
1
2
3
4
5
Total

50

%
21.1
10.5
14.9
14.9
13.2
25.4
100.0

3.4.2

Main data

In this study, 44.8 % of respondents experienced falls in the past year, while the proportion of
falls in the past six months was 35.1%, and 6.1% of respondents did not recall about their past
falls. Based on their frequency of falls, older people were more often categorized as fallers (one
fall in the past year) and multiple fallers (more than one fall in the past year). In this study, the
percentage of multiple fallers and fallers were 25.2% and 19.6%, respectively. Fractures
resulting from falls were reported by 45.8 of the respondents. 1.8 % of respondents did not
recall if they had any past fractures or not. 47.82% of the fall related fractures were reported in
hands, forearms, or arms as most common fractured body parts in this study. (Table 3-3)
Table 3-3. Frequency of falls and fractures
Frequency

%

59
21
27
107

55.1
19.6
25.2
100.0

12
5
3
5

54.5
22.7
13.6
22.7

Falls
None
One (Fallers)
More than one (Multiple Fallers)
Total
Fracture’s location of fallers *
Hand, forearm, arm
Foot, Lower leg, Upper leg
Spine
Other (Ribs, Collar bone, sternum, Toe)

Note*: some respondents reported multiple fractures

3.4.3

FRQ

The means and standard deviations of the FRQ score and the ABC-6 score were (68.6 27.4)
and (66 .0 27.2), respectively (Table 3- 5). The table 3- 5 shows the 12 items of the FRQ and
the percentages of (Yes) and (No) responses for each item. The (Yes) answers for fear of falls
(item five) and medication used to help sleep or improve mood (item 11) were reported to be
46.5% and 18.4%, respectively.

Table 3-4. Range, mean, standard deviation, Confidence Interval of FRQ and ABC-6
scores
Variable
FRQ Score
FRQ rescoring (0-100)
REQ reverse score
ABC-6 score

Range
0-14
0-100
0-100
0-100
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MeanSD
4.4 3.9
31.427.1
68.627.4
66.0 27.2

95% Confidence
Interval differences
3.7 to 5.1
26.2 to 36.6
63.4 to 73.8
61.0 to 71.1

Table 3-5. Percentage of “yes” and “no” answer for each item of FRQ
1
2

Have you fallen in the last six months?
Do you use, or have you been advised to use a cane or walker to get
around safely?
3 Do you sometimes feel unsteady when you are walking?
4 Do you have to steady yourself by holding onto furniture when
walking at home?
5 Do you worry about falling?
6 Do you need to push yourself up with your hands to stand up from a
chair?
7 Do you have trouble stepping up onto a curb?
8 Do you often have to rush to the toilet?
9 Have you lost any feeling in your feet?
10 Do you take medication to help you sleep or improve your mood?
11 Do you take medication that sometimes makes you feel lightheaded
or more tired than usual?
12 Do you often feel sad or depressed?

3.4.4

Yes # (%)
40 (35.1)
21 (18.4)

No #(%)
74 (64.9)
93 (81.6)

52 (45.6)
29 (25.4)

62(54.4)
85 (74.6)

53 (46.5)
50 (43.9)

61(53.4)
64 (56.1)

29 (25.4)
44 (38.6)
24 (21.1)
32 (28.1)
21 (18.4)

85 (74.6)
70 (61.4)
90 (78.9)
82(71.9)
93 (81.6)

34 (29.8)

80 (70.2)

ABC-6

The Mann-Whitney test results indicated significant differences between fallers and non-fallers
in five items of the ABC-6 (Items 1, 2, 3, 5, and 6); the scores for fallers were lower than nonfallers. However, the Mann-Whitney test results for Item 4, “Escalator holding rail,” of the
ABC-6 were not statistically significant, based on fall history (Table 3-7). This table also
illustrates the mean rating for six items of the ABC-6 and the distribution of responses in four
quartiles. The lowest rating mean is for Item six, “Walk on icy sidewalks,” at 43.6%, and the
highest rate of 78.7% was for item 4, “Escalator holding rail.”
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Table 3-6. Mean, standard deviation, mean of rating and distribution of responses for
each of the 6 items of ABC-6.
ABC-6 items
Q 1 Reach on tiptoes
Q 2 Stand on chair to reach
Q 3 Walk in crowd/bumped
Q 4 Escalator holding rail
Q 5 Escalator not holding rail
Q 6 Walk on icy sidewalks

Q 1 Reach on tiptoes
Q 2 Stand on chair to reach
Q 3 Walk in crowd/bumped
Q 4 Escalator holding rail
Q 5 Escalator not holding rail
Q 6 Walk on icy sidewalks
Total

Fallers N=59
Mean (SD)
80.2(23.9)
71.3(29.3)
83.5(24.0)
82.2(23.4)
73.7(30.6)
52.7(31.0)
Mean of Rating
71.8
62.8
76.5
78.1
63.3
43.6
66.1

0-25%
9.6
18.4
10.5
7
23.7
40.4
18.3

Non-Fallers N=48
P-Value MannMean (SD)
Whitney test
61.0(31.5)
p < 0.01 Z=-3.5
53.7(34.6)
p < 0.01 Z=-2.5
68.5(33.2)
P< 0.01 Z=-2.4
73.9(30.2)
p> 0.1 Z=-1.4
52.5(35.3)
p < 0.01 Z= 3.3
33.1(31.8)
p < 0.01 Z=-3.3
Distribution of Responses
26-50%
51-75%
76-100%
15.8
12.3
62.3
19.3
13.2
49.1
10.1
14
65.8
13..2
09.6
70.2
13.2
09.6
53.5
18.4
17.5
23.7
17.6
12.7
54.1

Note: Items were rated from 0 (no confidence) to 100% (complete confidence).

The boxplot (Figure 3-4) shows the minimum, first quartile, median, third quartile, and
maximum percentages of the ABC-6 responses for six items. The mean of each item is also
indicated by the multiplication sign,

. Item six, “Walk on icy sidewalks,” had the lowest first

quartile (10%), third quartile (70%), and median (40%) compared to other items. It means that
the respondents had the lowest confidence for walking on icy sidewalks. The highest
confidence was reported for item three, “Walk in crowd/bumped,” and item four, “escalator
holding rail,” which both had the highest median (90%) as well.
as well.
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Figure 3-4. Minimum, first quartile, median, third quartile, and maximum
responses' percentages for each of the 6 items of Activities-specific Balance
Confidence (ABC-6).

The 25th percentile was chosen by Peretz et al. (2006) to represent the score distributions for
each item of the ABC scale because the score range on the ABC-6 is 0 (lowest balance
confidence) to 100 (highest balance confidence)(Peretz et al., 2006). Figure 3- 5 shows the 25th
percentile values for each of the six items of the ABC-6 scale based on fall history.
history.
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100
90

ABC-6 responses %

80

80

80

70

70

60

60

50

60
50

50

40
30

35

20

20

20

10

10

10

Q5

Q6

0
Q1

Q2

Q3

Q4

ABC-6 Item No.
NonFallers

Fallers

Figure 3-5.
3-6. The 25th percentile values for each of the six items of the ABC-6 scale
based on fall history

3.4.5

The level of agreement (Bland-Altman analysis/plots)

In this study, the agreement between the FRQ and ABC-6 scales was explained by measuring
the bias, which was determined by the mean difference (d) and the standard deviation of the
differences (SD), as well as the limits of the agreement (2 standard deviations around the mean
difference). The B&A plot also helped examine any possible relationship between
measurement error and the true value. As the true value is unknown, the average of two
measurements was assumed as the best estimate of the true value. According to the B&A
method, the differences between ABC-6 and FRQ scores were plotted against the mean of their
scores. The first step to measure the agreement of ABC-6 and FRQ according to the B&A
method was to check the assumption of the normality of differences with a histogram approach.
Figure 3- 6 shows the mean difference between ABC-6 and FRQ was normally distributed.
The second step was to determine if there was a significant difference between the two
measurements. If the difference between the two measurements varied significantly from zero,
these two measurement methods would be significantly different. The null hypothesis was that
there would be zero difference between the two measurements. A one sample t-test (2-tailed)
was performed to determine the mean (bias) and its SD differences between the two measures.
The t-test result indicated that the mean and SD differences between ABC-6 and FRQ (-
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2.6±20.7) were not significantly different from zero (t = -1.3, df = 113, p = 0.2). There was no
statistically significant difference between the two measurements, which means there was a
certain level of agreement between the ABC-6 and FRQ measurements of the risk of falls. The
average of the differences between the ABC-6 and FRQ measurement methods was -2.6 units,
and the bias was not large enough to be important. This means that, on average, the FRQ score
was 2.6 units more than the ABC-6 score.
.

Figure 3-7.This figure shows the distribution of differences between ABC-6 and FRQ
measurement. The line represents normal distribution.
The third step was to calculate the upper limit of agreement using {mean+(1.96*SD)}{2.6+(1.96* 20.7)}, which was equal to 37.1, and the low limit of agreement using {(mean–
(1.96*SD)}{(-2.6-(1.96*20.7)}, which was equal to -43.1. In Figure 3-7, the Y-axis displays
the difference between the FRQ and ABC-6 scores, and the X-axis shows the mean of the FRQ
and ABC-6 scores. In other words, the difference between the two measurements was plotted
against the mean of the two measurements.
The fourth step was to interpret a Bland and Altman plot (Figure 3-7). The B&A plot aims to
estimate the agreement between the FRQ and ABC-6 measurements. According to the B&A
plot, 95% of the data points should lie within two SDs of the mean difference. The upper and
lower confidence limit lines (95% confidence interval) demonstrate how well the data fits.
The first item to note in the Bland and Altman plot is if there is a trend between points being
above or below the mean difference line; there is proportional bias if there is a trend with a
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greater number of data points being above or below the mean difference line. In a good
agreement, the scattering of points is diminished, and points lie relatively close to the line,
which represents the mean bias (Doğan, 2018). The Interclass Correlation Coefficient (ICC)
between ABC-6 and FRQ scores was 0.72 (P<0.01).

Figure 3-8. Figure 3 8. Bland Altman Limits of Agreement (LOA) plot between FRQ and
ABC-6 (n 114). The difference between FRQ and ABC-6 scores is plotted against the
mean of FRQ and ABC-6 scores. In this plot, the central line represents the mean of
differences, and two horizontal lines represent 95% LOA. 6 outliers determined with case
number at this plot.

Another method to measure systematic biases and agreements between the two measurement
methods is through linear regression. Linear regression can predict a systematic bias if the score
differences are significantly expected by the score means. The results of the regression showed
a non-statistically significant t-score (t = 0.0, p = 0.9). Therefore, the null hypothesis that there
was no trend nor proportional bias was accepted.

3.4.6

FRQ and ABC-6 scores different in people with/without a history
of falls,

The Shapiro-Wilk test result showed that the distributions of FRQ and ABC-6 scores were not
normal (p <0.001). The Mann-Whitney test indicated the FRQ score for fallers was lower (Mdn
= 33.8) than non-fallers (Mdn = (70.4) U(48,59) = 447, Z = - 6.1, p <0.001, r=0.6). Also, the
Mann-Whitney test indicated the ABC-6 score for fallers was lower (Mdn = 43.7) than non-
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fallers (Mdn = 62) (U(48,59) = 368, Z = -3.1, p <0.001, r=0.3). The results of the MannWhitney test showed that these differences were statistically significant (Table 3-7).
Table 3-7. Mean and standard deviation of FRQ and ABC-6 based on falls history.
Variables
FRQ
ABC-6

3.4.7

Fallers N=48
Mean (SD)
51.5(26.5)

Non-Fallers N=59
Mean (SD)
83.6(18.1)

P-Value Mann
Whitney U
p <0.001

57.1(28.7)

73.9(23.1)

p <0.001

Respondent preferences,

More than 65% of respondents preferred using the ABC-6, the FRQ, or either of these
questionnaires for their future falls. The percentages of respondents who preferred the FRQ,
the ABC-6, and either of scales for future falls screening were 9%, 21%, and 36%, respectively,
whereas only 34% of respondents preferred to use none for their future falls’ assessment. See
Table 3-11.
In the survey, the FRQ and ABC-6 were showing up in the sequence, first the FRQ and then
the ABC-6. The survey was one-way, and respondents couldn't go back and change their
answers after answering each questionnaire. Following each questionnaire, the respondents
could list the items they believed were essential for fall screening but were missing from the
FRQ or ABC-6. In addition, the respondents have included a clear rationale for choosing ABC6 See Table 3-8. Among respondents who chose the FRQ, about 55% addressed the reasons
for choosing the FRQ, with the reasons being that it was more understandable, detailed,
comprehensive. See Table 3-9.
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Table 3-8. Preferred questionnaires and reasons of choosing by respondents to predict future falls
FRQ
PR (9 %)
RR (55.5%)
“[It’s] based on actual
circumstances rather than what
you think”
“Easier to understand for me”.
“More comprehensive”.
“Seemed more detailed”.
“Shows me how I'm feeling”.

ABC-6
PR (21 %)
RR (71.4%)
“[It’s based on] Activities not illnesses.
I am getting healthy”
“Because I am active and healthy”
“Gave real examples that I could relate
to”
“Better questions”; “More
comprehensive”
“More sensible”
“More specific”
“Because it is more supportive”
“It has a lot more to do with my
lifestyle when I am outside than inside.
I am more frightened of falling outside”
“Number 2 addresses my fear of
falling”
“Gradual choice”
“First questionnaire [FRQ] didn't ask
reason for my fall, which was due to a
new exercise, I was doing wrong, I
think the confidence one [ABC-6] is
more accurate”
“It looks at how you feel when doing
things”
“More specific activities that could
help guide behavior to prevent falls”
“Out and about”
Note: Preference Rate (PR), Responses Rate (RR)

FRQ or ABC-6
PR (36 %)
RR (25%)
“About the same”
“Pretty similar”
“Same”
“No difference”
“They are the same”
“Both are good”
“Both equally good”
“Different focus”
“They both really covered the
same risks”.
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None
PR (34 %)
RR (4%)
“Exactly what a waste of time”
“Neither is particularly relevant for
me. Yet ... my time will come :)”
“I'm not concerned about falls”
“Falls grid to predict for someone with
bad balance on one side”
“Neither is particularly relevant for me.
Yet ... my time will come” “Neither is
comprehensive enough”

Table 3-9. Falls screening items suggested by respondents for FRQ and ABC-6 as missing items
Themes
Activity and exercise

FRQ
“Amount and type of exercise you get”;
“Fitness”; “Do you exercise? Can you still run? Do you
participate in team sport?”; “Have you danced in the past
month?”;“I walk two to four miles each day for exercise. I think
the distance one walks might contribute to the number of
challenges for falling”.

Balance

“Balance issues when standing up from sitting”; “Balance or
ability to walk in a straight line”; “balance”; “Confidence”;
“Can you stand up when sitting on the ground? Can you walk
across rocks at the beach?”; “When on the ground, it is difficult
to stand up”; “deaf in one ear affects balance”

Disease and physical
risk factors

“Benign brain tumor caused loss of hearing and very poor
balance on my left side”; “Hearing” ; “Heart disease” ; “I have
glaucoma, and I have a knee injury from falling onto my knee”
; “Knee replacement” ;“Recurrent concussion” ;“How much
alcohol do you consume in a week”.

“Hearing”;
“whether a person has osteoporosis, which
makes any fall much more serious”.

Dizziness

“Dizziness” ; “dizzy if stand up too fast”,
“do you feel dizzy” ;“do you have vertigo?” ;“Feelings of
dizziness” ;“Occasional lightheadedness” ; “When you fall is it
a trip and fall, a slip and fall or dizziness and , fall?”

“Become dizzy when looking up and when
arising from horizontal” ;
“Have dizziness while walking”
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ABC-6
“Amount and type of exercise you do regularly”

Themes
Outside environmental

FRQ
“Do you live in a climate with harsh winters and ice hazards?”
;“Tripping on objects/holes in ground” ;“Uneven surfaces” ; “Is
your house untidy?” ;“I fell outside while taking three large
dogs walking. They pulled me over. I have stopped doing that!”

Home

“I have crappy furniture which is hard to get up from” ; “do you
have any unsecured rugs in the home?”
“I had a "drop fall" where I didn't trip or stumble but fell flat on
my face”.

Stairs and Climbing

“Climbing ladders etc” ; “Using stairs” ;
“going up or down stairs and ramps”

Psychological risk factors “I have psychogenic gait disorder”; “Occasional use of
melatonin to sleep, coffee to perk up - sad and depressed over
pandemic. (Who isn't?)”; “Rushing”
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ABC-6
“Curb
(kerb),
wet/slick
surface,
bus/underground, uneven sidewalk /pavement”
; “Getting in and out of higher vehicles...i.e.
SUV's” ; “Standing up on a moving bus”
;“Using walker helps tremendously” ; “Gravel
paths”, “walk on uneven ground or through
thick, tall grass”; “Walking at night” ; “I don't
go to malls”: “Don't like them” ; “I use ice
cleats on my winter boots” ; “Icy sidewalks is
0, but it won't let me say that” ;“I participate in
Orienteering on uneven ground and steep
slopes”. “Some badly designed ornamental
pavement surfaces that get very slick in the
rain” ; “Cycling”,
“Falling in the shower scares me the most” ;
“Stepping out of the shower”
“Information about "drop falls"; “If you have a
dog, how many dogs do you walk at the same
time, and how much do they weigh”
“Not allowed to stand on chairs in this country
duh! no ice where I live” ; “Step ladders - I use
them once or twice a week - I need to hold onto
the counter to raise myself” ; “Stairs” ;
“Clutter”
“Are distracted by things (signs, etc.) while
walking or stepping into a curb”.

3.5 Discussion
This study found that there was a high level of agreement between the FRQ and the ABC-6
questionnaires, that both discriminated fallers and non-fallers. Preferences between the two
different screening questionnaires was also surveyed and analyzed that no indication that one
measure was substantially preferred over the other by respondents.
In our research study sample, 44.8 % of seniors experienced falls in the past 12 months, while
the proportion of falls in the past six months was 35.1%. The falls rates examined in our
research comes from six countries (Canada=54.1, USA=44.4, Australia=53.8, Ireland=40, New
Zealand=41.7, and the UK and Northern Ireland=23.5). The falls rates of our study respondents
were less than the falls rates reported in another study for the community-dwelling sample 61%
(Balasubramanian et al., 2015). When examining fall rates, a number of factors can influence
observed rates including the geographic region, the sample age distribution, the definition of
falls and time interval studied. For example, higher Canadian rates may reflect the aging
population and the weather patterns that contribute to slippery outdoor conditions.
According to the Public Health Agency of Canada (2014), between 20% and 30% of Canadian
seniors fall each year. Pirrie et al. (2020) reported that the prevalence of past year falls in older
adults residing in public housing in Ontario, Canada was 34.5%. In 2018, 27.5% of American
older adults had fallen at least once in the past year, and 10.2% said they had been injured by
a fall (Moreland et al., 2020). According to the 2018 Behavioral Risk Factor Surveillance
System (BRFSS) results, in the 50 American states and DC, 27.5% and 10.2% of older people
aged ≥65 years reported at least one fall and falls-related injury in the past year, respectively
(Moreland et al., 2020). Thirty six percent of older adult recruited from an independent living
community in the northwest region of the United States reported experiencing a fall in the past
12 months (Cleary & Skornyakov, 2017b). The prevalence of one or more falls in 87 older
adults in the past year was 43.9% (Lee et al., 2017), and in another study, 24.4% of communitydwelling older adults reported a fall within the 6-month follow-up period (Cleary &
Skornyakov, 2017a). 33.3% of Brazilian community-dwelling older adults reported falls in the
previous year (Freitas et al., 2020).
The fall rates in our research sample study were higher than other studies' falls rates reported
above. Perhaps people who experienced falls were more interested in participating in this
survey to evaluate their fall risk. Another reason for the higher rate of falls in this study may
be the online format of the survey. Having said that, comparing the falls rates of one study with
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other studies can be difficult because of the variability in documenting fall events (self-reported
vs. reported by a professional), research designs used for data collection (retrospective vs.
prospective), and different levels of respondent function (Balasubramanian et al., 2015).
Based on the frequency of falls, the respondents of this study were categorized as fallers (one
fall in the past year) or multiple fallers (more than one fall in the past year). In our study sample,
19.6% of respondents fell once and 25.2% fell twice or more, while another study reported
25% of respondents falling once and 35% of respondents falling twice or more
(Balasubramanian et al., 2015). Florence et al. (2018) reported that approximately a quarter of
older people claim they have fallen in the last year: 52.1% of fallers reported once, 21.3%
reported twice, and 24.1% reported three or more times. Fallers have shown to possess more
chronic conditions and had poorer self-rated health (Florence et al., 2018). In 2017, about 12
million older adults aged 70 and over received medical care caused by injury in the Western
European Area, with 8.4 million of those seeking medical treatment due to a fall-related injury
(Haagsma et al., 2020).
The mean of the ABC-6 scores in our study was 66.2%; that was lower than the ABC-16 cutoff score of <67% to determine risk of falling suggested by (Lajoie et al., 2002). Also, the
ABC-6 score in our study was lower than the following ABC-6 scores: Freitas et al.’s (2020)
score of 68.3% measured for Brazilian community-dwelling older adults, Schepens et al.’s
(2010) score of 74.38% for 35 community-dwelling older adults and Goldberg’s (2012) score
of 80.1% for 33 community-dwelling older adults. However, the ABC-6 score in our study was
higher than Skipper et al.’s (2015) ABC-6 score of 56.9% for 321 older adults. The ABC-6
scores reported by Peretz et al. (2006) for the control group, patients with higher-level gait
disorders, and patients with Parkinson's disease were 92.7%, 45.5%, and 68.9%, respectively.
As most percentages of the respondents in this study were Canadian, the result of the ABC-6
score estimated in this study is more closely related to the score stated by Powell and Myers
(1995) in a Canadian population at 59.6%. ABC-6 score differences can be clarified by
inequalities in the studied populations and variables that may affect balance confidence scores.
Balance confidence is a multifactorial construct that may be determined by variables such as
age, ethnicity, physical activity level, general fitness, visual acuity, balance, motor impairment,
slip experience, and socioeconomic status (Elboim–Gabyzon et al., 2019). Sampling error and
precision can also contribute to differences in point estimates between studies. Our sample of
114 was not large; however, with 95% confidence, the mean of ABC-6 scores is between 60.1%
and 71.1%. Moreover, the standard error of the mean ABC-6 score in our study’s sample was
2.5, which is small. Therefore, the estimate for risk of falls by ABC-6 is precise.
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The ABC-6 and ABC-16 balance confidence scores were strongly correlated, and they had
similar concurrent validity and excellent convergent validity (Hewston & Deshpande, 2017).
A high ABC scale score (greater than 80) has been linked to a decreased risk of falling (Wang
et al., 2018). The ABC-6 scores of our study were lower than the ABC-16 scores in the
following studies: Elboim–Gabyzon et al.'s (2019) score of 68.65 % measured for balance
confidence in Arab community-dwellers in northern Israel, Portegijs et al.'s (2012) score of
89.2 % for community-dwelling people older than 60 years who had been operated on for
femoral neck or trochanteric fracture, Hadjistavropoulos et al.'s (2012) score of 81.77 % for
107 older adults living in communities, Cleary & Skornyakov's (2017a) score of 70.1% for an
independent retirement community in the northwest region of the United States, Mak et al.'s
(2007) score of 71.6% for Hong Kong's community-dwelling older adults, Moiz et al.'s (2016)
score of 71 %for a population in India, and ISHIGE et al.'s (2020) Japanese ABC-J 16 score of
57.5%. The ABC scores among older people in Boston were 78.87% (Hatch et al., 2003), and
in Brazil, the ABC-16 score was 81.7% (Marques et al., 2013). See Table (3-10)
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Table 3-10. ABC-16 studies
Study
Satomi Ishige

2020

Participants
no
88

Michal
Gabyzon

2019

60

Elboim

Year

Country

Population

Japan

Community-dwelling
stroke survivors

Israel

Elderly people from
the
Arab population

ABC-16 score
Mean± SD
57.5 ± 24.1

68.6 ±27.5

Ying-Chih Wang

2018

5012

USA

Older patients seeking
outpatient
rehabilitation

66.1 ± 27.7

Kimberly Cleary

2017

34

USA

Independent retirement
community

70.1 ± 23.8

Jamal Ali Moiz

2017

125

India

Community-dwelling
older adults

Amelia P. Marques

2013

40

Brazilian

Elderly individuals

Erja Portegijs,

2012

130

Finland

Community-dwelling
older people with fallsrelated hip fracture

89.2 ± 32.5

Thomas
Hadjistavropoulos

2011

107

Canada

Adults living in the
community

81.8 ±16.7

Margaret K. Mak

2007

100

China

Cantonese-speaking
community-dwellers

71.6 ± 23.7

Janine Hatch

2003

50

USA

Community-dwelling
elderly people

78.9 ± 19.1

69.5 ± 14

81.7
Ranging from
61.2 to 96.7

Our study indicated the mean ABC-6 score of for fallers 57.1% was lower than the score of
non-fallers 73.9%. In line with this study, Cleary et al. (2017) found that fallers had
significantly lower ABC scores at 50.6% than non-fallers at 76.3%. They concluded that
balance confidence alone could predict fall status and could be used to measure and assess falls
risks in community-dwelling older adults (Cleary & Skornyakov, 2017a). The Arabic version
of ABC-16 revealed discriminative validity between fallers and non-fallers, with non-fallers
showing a higher balance confidence score of 77.5% than fallers at 57.8% (Elboim–Gabyzon
et al., 2019). In our study sample, the mean FRQ score for fallers was 2.2, which was lower
than non-fallers at 6.8. Sertel et al. (2018) found the mean FRQ score for patients with normal
cognitive functions was 2.1.
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Fractures resulting from falls were more common and reported by a 45.83 % of respondents
who experienced falls. Falls accounted for 87% of all older people's fractures, and most of
these fractures are always triggered by low-impact injuries in osteoporotic bones (Ambrose et
al., 2015). Bynum et al.'s (2016) study confirmed that approximately 4.3% of people with a
fracture suffered second fractures of the hip, shoulder, or wrist within one year. In our study,
about 48% of fractures reported in fallers occurred in hands, forearms, or arms. For the past
thirty years, the incidence of hand injuries has been on the rise (Rosberg & Dahlin, 2018) and
upper extremity fractures are common in older adults (Karl et al., 2015). Upper extremity
fractures in the older population, particularly those over 80 years of age, often involve extended
hospitalization periods and result in significant health care expenses (Hoffmeyer et al., 2013).
The findings that wrist/arm fractures were most prevalent is consistent with the fact that Distal
Radius Fractures (DRF) are common and can be early falls related fragility fracture. DRF also
are recognized as early and independent predictor of secondary osteoporotic fractures (Dewan
et al., 2018). The highest percentages of chronic disease reported in this study were "joint pain
and disease" at 25.4 %, and 7.9 % of respondents complained of osteoporosis. Distal humerus
fractures are relatively uncommon, they are subcategories of osteoporotic fractures. It seems
the number of these types of fractures are increasing (Charissoux et al., 2013).
The mean of the FRQ score was 4.4. A higher score of FRQ indicates a higher risk of falling.
Older people with an FRQ score of four or higher are considered to be at an increased risk of
falling (Rubenstein et al., 2011). The FRQ score of 38.6 % of respondents in this study was 4
points or higher, and they were at risk of falls. Sertel et al. (2018) calculated a cut-off point of
4.5 for the FRQ based on an Area Under the ROC curve analysis for older adults with mild
cognitive function. Sertel et al. (2018) also found that approximately 65% of patients were
classified as being at high risk for falling based on the 4.5 point cut-off value for the self-rated
FRQ. They concluded that the FRQ appeared to have high discriminatory power for
determining falls in older adults with cognitive impairments.
According to item five of the FRQ, about 46.5% of respondents reported a fear of falls.
Community-dwelling older adults with a higher risk of future fractures scare more from falling.
Consequently, Song et al. (2017) claimed that individuals with a greater fear of falling have an
increased fracture risk. Also, individuals with a fall experience reported an increased fear of
falling, resulting in decreased activity level. In addition, the fear of falls is an important
psychological factor associated with falls. This promotes the necessity for techniques to
decrease the fear of falling in healthy active older adults to prevent future falls, fractures, and
functional decline (Song et al., 2017).
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The answer rate for ABC-6 or FRQ preferences questions in our research was 34%. The
majority respondents 36% had no preference between the ABC-6 or FRQ. Only 14% of those
34% who preferred none of ABC-6 or FRQ explained their reasons. Their reasons were:
“Exactly what a waste of time”; “Falls are hard(?) to predict for someone with bad balance on
one side.”; “I’m not concerned about falls”; “Neither is comprehensive enough”; “Neither is
particularly relevant for me. Yet ... my time will come :)”. Furthermore, 21% of respondents
preferred ABC-6 justifying: “Activities not illnesses. I am getting healthy”; “Because I am
active and healthy”; “Because it is more supportive”; “Because it is more supportive”; “Better
questions” “first questionnaire[FRQ] didn't ask reason for my fall, which was due to a new
exercise I was doing wrong, I think the confidence one is more accurate”; “Gave real examples
that I could relate to”; “Gradual choice” ; “It has a lot more to do with my lifestyle when I am
outside than inside. I am more frightened of falling outside”; “It looks at how you feel when
doing things” ; “More comprehensive” ; “More sensible” ; “more specific” ; “More specific
activities that could help guide behavior to prevent falls” ; “Number 2 [ABC-6] addresses my
fear of falling”. The FRQ was chosen by 9% of respondents. They reasoned that the FRQ was
“Based on actual circumstances rather than what you think”; “Easier to understand for me”.
“More comprehensive”; “seemed more detailed”; “shows me how I’m feeling”. The findings
of a systematic review showed that health literacy, numeracy, and locus of control impacted
health-related preferences and decisions (Russo et al., 2019). Older people do not always desire
to be involved in the care decisions made by doctors. However, there is some concern that older
people probably receive reliable health services less often than younger people (Bowling &
Ebrahim, 2001).
In our study, respondents indicated more missing items for FRQ than ABC-6. One assumption
is that the sequential order of FRQ and ABC-6 has affected the participants' list. For instance,
if someone made a comment for the first questionnaire FRQ, it would not have been repeated
when exposed to the second questionnaire ABC-6. Although the sequential order was one of
our study's limitations, it seems to have little effect on the respondent's suggested lists and
decisions. As a matter of fact, the second questionnaire ABC-6 has fewer suggested items and
more participant preferences.
In our study, the Bland and Altman plot indicated a certain level of agreement between the
ABC-6 and FRQ measurements of the risk of falls, and 95% of the differences between the two
questionnaires fell within the limits of agreement (two SDs of the mean difference). However,
the Menezes et al. (2020) study results showed the six fall screening tools were varied in their
degrees of accuracy in screening the risk of falling in community-dwelling older adults: Berg
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Balance Scale (BBS), polypharmacy, the Falls Risk Assessment Score (FRAS), Fall Risk
Assessment Tool for Community-Dwelling Older People (FRAT-up), Falls Efficacy Scale
(FES), and posturography. In a pairwise comparison, the falls screening tools had moderate
agreement (Menezes et al., 2020). Garcia et al. (2015) explained that the Bland-Altman plot
showed moderate agreement between the prospective monthly falls monitoring over 12 months
and the annual retrospective self-reporting of falls in classifying fallers and recurrent fallers.
The authors reported the mean difference between prospective and retrospective methods to be
0.35 (Garcia et al., 2015). Moreover, the discrimination of fallers from non-fallers using seven
mobility and balance functional assessments tests in community-dwelling older adults was
poor: Only a high-level balance assessment significantly discriminated these groups
(Balasubramanian et al., 2015).
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3.6 Study Limitations and areas of future research
With the current findings, there are a few limitations to this thesis. First, because of the COVID19 pandemic, this study was conducted entirely online. We assumed the information given by
respondents was accurate. Second, since this survey used online platforms such as Facebook
and Twitter, we categorized people over 55 as older adults. It is possible that our research did
not represent all older adults because, traditionally, the United Nations defined older persons
as those aged 60 or 65 or over (United Nations, 2019). Third, although the reliability of the
paper-based format of the ABC-6 and FRQs has been accepted, we are unsure about the
reliability of the online versions of the FRQ and ABC-6 that were used in this study. Fourth,
the order in which the ABC-6 and FRQ were presented in the online survey may have affected
participants' responses and their decision to use one of them for fall screening. Fifth, because
our survey time was restricted and respondents were elderly, we used a single question to assess
patients' preferences rather than a preference measurement tool. Finally, the falls rates and
classification of respondents as fallers or non-fallers were determined using falls history and
retrospective design. This can introduce a false result because older adults may forget past falls
(recall bias) due to various interpretations of a fall or they may underreport fall events due to
older people not recalling the seriousness of a fall, all of which may affect the accuracy of
screening tools (Freiberger & de Vreede, 2011; Griffin et al., 2019). However, we excluded
the respondents who do not remember their previous falls in the falls rate calculations.
Based on our study findings, further research is needed to test the agreement of FRQ with other
fall screening tools. It might further improve the screening of risk of falling in older adults. For
screening the risk of falls in older adults, a wide range of falls risk screening and assessment
tools and approaches are available with a variety of performances, but their consensus for
assessing the risk of falling remains uncertain (Menezes et al., 2020). Due to the limitations of
our study, a larger random sample using a prospective design to assess falls rates with paperbased versions of ABC-6 and FRQ is recommended to validate our study results.
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3.7 Conclusions
The self-rated Falls Risk Questionnaire (FRQ) and the Activities-specific Balance Confidence
6 items (ABC-6) can be used interchangeably in screening the risk of falls in communitydwelling older adults. For fall risk screening, however, a higher percentage of respondents in
this study preferred ABC-6 than FRQ, most of respondents 36% had no preferences between
FRQ or ABC-6. Both instruments can distinguish between fallers and non-fallers, and the
findings of our study support the use of the FRQ for falls screening in community-dwelling
older adults.
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4

Discussion

As the number of older people who desire to live in their own homes is rising, and because
falls are more common in these people, this thesis was designed to evaluate falls risk screening
tools for use in community dwelling older adults. The first manuscript within the thesis
(Chapter 2) aimed to identify and summarize studies evaluating the accuracy of falls screening
tools in community-dwelling older adults. The first study showed fall rates in communitydwelling older adults ranged from 9.9% to 38.6%. Only five screening tools had both
sensitivity and specificity exceeding 70%. The Toulouse-St. Louis University Mini Falls
Assessment and the Activities-specific balance confidence scale (Hindi version) were the tools
that emerged as accurate for prediction of falls in community-dwelling older adults. The aim
of the second manuscript (Chapter 3) was to determine the level of agreement and participant
preferences of the FRQ and Activities Specific Balance Confidence 6 items ABC-6 and to
identify FRQ and ABC-6 scores differences in people with/without a history of falls. Overall,
the ABC-6 was preferred over the FRQ by respondents for fall screening and 36% preferred
either ABC-6 or FRQ for their future falls screening. The Bland & Altman method and other
statistical methods indicated agreement between the ABC-6 and FRQ measurements and these
tools could be used interchangeably. The study results also showed the FRQ and ABC-6 scores
for fallers were lower than non-fallers.

4.1 Limitations
this thesis had several limitations. First, the generalizability of the thesis findings may be
limited due to the study's sample originating from six different countries, each with its own set
of personal and environmental characteristics that may impact falling rates. Second, since the
participants were older individuals recruited via online platforms, there were limitations in
measuring their cognitive skills; it was assumed that older people who participate in online
activities were cognitively capable of completing the survey. Another limitation of this study
was excluded respondents from participating in the study if they did not have access to the
internet, a computer, a smartphone, or had visual impairments. The small sample size was
another limitation of this thesis. Therefore, the fall rate was estimated without considering the
other variables that may influence the fall rate of older adults, such as gender, age, acute and
chronic illness.
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4.2 Clinical, research, and education implications
Overall, this thesis has direct implications for research, clinical practice, and education. For
clinicians - such as family physicians, nurses, social workers, gerontologists, geriatric medicine
practitioners and also older adults, this thesis has given preliminary insight into the accuracy
of recently developed falls screening tool. However, it is presently difficult to recommend a
single reliable, comprehensive falls screening technique for predicting falls in communitydwelling older adults. This is due to the heterogeneity of research results in evaluating falls
screening tools. We were aware of only about five published studies related to the FRQ have
been performed. As a result, this thesis has provided more evidence supporting the FRQ that
health facilities and clinicians can refer to when using - or recommending the use of - the FRQ
for falls screening of community-dwelling older adults.

In this thesis, the FRQ and the ABC-6 had some level of agreement in screening falls risk, and
most of the respondents had no preference between the ABC-6 and the FRQ. Therefore, these
results have established a future research priority as identifying falls questionnaires with higher
patient preferences. This thesis has also supplied useful information for future research, such
as educational level, living arrangement, marital status, homeownership, health status, acute
and chronic illness, and the risk of falls and fractures in community-dwelling older individuals.
For educational and methodological purposes, this research has provided further evidence for
examining agreement measurement using Bland-Altman. In addition, the thesis results have
introduced online platforms - such as Facebook, Twitter, LinkedIn, and KIJIJI - to researchers
and research educators as an alternative method to recruit older people. These platforms are
particularly usefulwhen recruiting participants in-person is difficult due to circumstances such
as Covid-19, such as Covid-19, or when researchers require international participation. Another
educational and research implication of this thesis is the use of Facebook as an advertising
system to reach participants worldwide; the significance of internet venues for research
proposals is clarified in this thesis.

4.3 Future directions
The findings of this first manuscript (Chapter 2) identified several areas for future research.
Future research is recommended to determine the true predictive validity of three of the
screening tools reported in the SLR, which include the Five Risk Factors Screening Tool, Twoquestion tool, and Suzuki's modified FRFST (Hirase et al., 2014; Kang et al., 2018; Rodríguez78

Molinero et al., 2017). Moreover, some reviewed tools in our study were primarily tested in
specific populations such as healthy community-dwelling older adults; further assessments in
other contexts is needed to determine their general validity. According to QUADAS-2, two
tools, TSLUMFA and ABC-H, had good values of Sn, Sp, and AUROC curves. However, both
studies that reported on these tools had small sample sizes and were developed in recent years,
2018 and 2017, respectively. Future research is recommended to determine their true predictive
validity. Lastly, high-quality studies with large sample sizes and appropriate methodology with
comparable results to estimate the Sn and Sp of tools are needed. Based on our study findings
(Chapter three), further research is needed to test the agreement of FRQ with other fall
screening tools. It might further improve the screening of risk of falling in older adults. For
screening the risk of falls in older adults, a wide range of falls risk screening and assessment
tools and approaches are available with a variety of performances, but their consensus for
assessing the risk of falling remains uncertain (Menezes et al., 2020). Because of the limitations
of our research, generalizability of study findings may be limited, we recommend a larger
random sample with a prospective design to determine falls rates using paper-based versions
of the ABC-6 and FRQ to validate our findings.
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Appendix F. Agreement & Older Adults Preference of Fall Scales (Survey)
o Q1 You are invited to participate in this study, which will help us compare the selfrated Falls Risk Questionnaire (FRQ) with Activities-specific Balance Confidence
(ABC-6).You can print or save the letter of information and consent for future
reference by clicking on the link below: Letter of information This survey should
take about 15 minutes to complete. To qualify for taking this survey, you must be
an independent community-dwelling adult aged 55 years or older. For more
information, please only e-mail Dr. Hadi Kooshiar at and avoid replying or
commenting on our posts and tweets on Facebook and Twitter.
o Yes, I voluntarily agree to participate in this online survey and contribute to the study.
o No, I decline to participate in this study.
Q2 What is your current living situation?
o Living independently in the community
o Living in an institutional setting (Nursing homes/ long term care homes/ retirement
homes/ special care facilities)
o Other ________________________________________________
Q3 In what year were you born? (e.g., 1976)
Q4 In which country have you been living for at least 6 months in the last 12 months?
▼ Afghanistan ... Zimbabwe

Q5 How would you describe your sex?
o Female
o Male
o Other ________________________________________________
Q6 What is your marital status?
o
o
o
o
o
o
o

Common-Law
Divorced
Married
Separated
Single
Widowed
Other (Please specify) ________________________________________________

Q7 What are your current living arrangements?
o
o
o
o
o

Living alone
Living with spouse/partner/roommate
Living with spouse/partner and children
Living with children
Living with others
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Q8 How many children do you have?
▼ 0 ... 12

Q9 What is /was your primary job/occupation in the last 12 months?
Q10 Do you currently rent or own your home?
o
o
o
o

Rent
Own (with mortgage payment)
Own (free and clear, no mortgage)
Others (Please specify) ________________________________________________

Q11 What is the highest degree or level of education you have completed?
o
o
o
o
o
o

Grade school
High school diploma
Apprenticeship or other trades certificate
College diploma
University below bachelor's
Bachelor's degree or higher

Q12 What is your ethnic origin or visible minority? (Select one or more that apply)
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢

Arab
Black
Chinese
Filipino
Japanese
Korean
Latin American
Registered or Treaty Indian
South Asia (e.g., East Indian, Pakistani, Sri Lankan, etc.)
Southeast Asian (e.g., Vietnamese, Cambodian, Laotian, Thai, etc.)
Not a Registered or Treaty Indian
West Asia (e.g., Iranian, afghan. etc.)
White

Q13 How is your health in general?
o
o
o
o
o

Excellent
Very Good
Good
Fair
Poor

Q14 Do you have any (acute) illness which occurred suddenly in the past few days or
weeks? (select one or more that apply)
▢ Abnormal blood pressure
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▢
▢
▢
▢
▢
▢

Disease-related to the heart
Fever
Loss of consciousness
Urinary Tract Infection
No
Other (Please specify) ________________________________________________

Q15 Have you had any illness lasting for more than three months? (Select one or more that
apply)
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢

Abnormal blood pressure
Cancer
Diabetes mellitus
Disease-related to the heart
Vision problem
Hearing difficulty
Joint pain or joint disease
lung disease
Osteoporosis (a disease that weakens bones)
Parkinson's disease
Stroke
No
Others (Please specify) ________________________________________________

Q16 How many prescription drugs are you currently taking?
▼ None ... More than 10

Q17 How many times have you fallen in the past year?
▢
▢
▢
▢
▢
▢

None
One
2-5
6-10
Don't remember
More than 10

Skip To: End of Block If How many times have you fallen in the past year? = None

Q18 How many of your falls resulted in being admitted to the hospital in the past year?
▢
▢
▢
▢
▢
▢

None
One
2-5
6-10
More than 10
Don't remember
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Q19 How many of the falls resulted in fractures in the past year?
▢
▢
▢
▢
▢
▢

None
One
2-5
6-10
More than 10
Don't remember

Skip To: End of Block If How many of the falls resulted in fractures in the past year? = None

Q20 Which part(s) of your body has been fractured? (Select one or more that apply)
▢
▢
▢
▢
▢

Hand, forearm, arm
Foot, Lower leg, Upper leg
Pelvic
Spine
Other (Please specify) ________________________________________________
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Q21
You will be given FRQ following by ABC-6 questionnaires. At the end of this survey, you
will be asked which one is your preferred way of predicting your future falls.
Q22 Questionnaire number one:
Self- rated Fall Risk Questionnaire (FRQ)
Are you at risk of falling?
Answer YES or NO for each statement, then tally your score.
Yes No
Have you fallen in the last 6 months?
Do you use, or have you been advised to use, a cane or walker to get
around safely?
Do you sometimes feel unsteady when you are walking?
Do you have to steady yourself by holding onto furniture when walking at
home?
Do you worry about falling?
Do you need to push yourself up with your hands to stand up from a chair?
Do you have trouble stepping up onto a curb?
Do you often have to rush to the toilet?
Have you lost any feeling in your feet?
Do you take medication to help you sleep or improve your mood?
Do you take medication that sometimes makes you feel lightheaded or
more tired than usual?
Do you often feel sad or depressed?
Q23 What other items you think are important for fall screening but are missing from the
above survey (FRQ)?
Q24 Your falls score is ${gr://SC_9tYacsWnl5FePIN/Score},
If you scored 4 points or more, you may be at risk of falling. Talk to your healthcare
provider or doctor for more information.
Source:
Rubenstein LZ, Vivrette R, Harker JO, Stevens JA, Kramer BJ. Validating an evidencebased, self-rated fall risk questionnaire (FRQ) for older adults. J Safety Res
2011;42(6):493-499.
Q25 Questionnaire number two The Activities-specific Balance Confidence (ABC-6)
Scale For each of the following activities, please indicate your level of confidence in
doing the activity without losing your balance or becoming unsteady from choosing one
of the percentage points on the scale from 0% to 100% If you do not currently do the
activity in question, try and imagine how confident you would be if you had to do the
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activity. If you normally use a walking aid to do the activity or hold onto someone, rate
your confidence as if you were using these supports. How confident are you that you
will not lose your balance or become unsteady when you…
No confidence
Completely confident
0 10 20 30 40 50 60 70 80 90 100
.... stand on your tiptoes and reach for
something above your head?
.…stand on a chair and reach for
something?
…are bumped into by people as you
walk through the mall?
…step onto or off of an escalator while
you are holding onto a railing?
.…step onto or off an escalator while
holding onto parcels such that you
cannot hold onto the railing?
.…walk outside on icy sidewalks?
Q26 What are some other items that you think are important for fall screening but are
missing from the above survey (ABC-6)?
Q27 According to ABC-6 items scale, your balance confidence score is
${gr://SC_9BIEZwKDSMGIPfT/WeightedMean}% 1
According to previous studies, people with a balance confidence score of more than 80%
have high balance confidence.2
People who fall had mean ABC score of less than 48% and non-fallers had ABC score
more than 87.5%.3
Source:
1-Peretz, C., et al., Assessing fear of falling: can a short version of the Activities-Specific
Balance Confidence Scale be useful? Movement Disorders, 2006. 21(12): p. 2101-2105.
2.Myers, A., et al., Psychological indicators of balance confidence: Relationship to
actual and perceived abilities. J Gerontol Med Sci, 1996. 51A: p. M37-M43.
3. Lajoie, Y., A. Girard, and M. Guay, Comparison of the reaction time, the Berg Scale,
and the ABC in non-fallers and fallers. Arch Gerontol Geriatr, 2002: p. 215-225.
Q28 What is your preferred questionnaire to predict your future falls?
o The questionnaire number one (FRQ). Why?
________________________________________________
o The questionnaire number two (ABC-6). Why?
________________________________________________
o They are the same ________________________________________________
o None ________________________________________________
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Appendix G. Letter of Information and Consent
Western University
Room 5150 Support
Services Building, 1393 Western Road
London, Ontario, Canada, N6G 1G9
Tel: 519-661-2161
ethics@uwo.ca

Document Title
Letter of Information and Consent
Project Title
Agreement and participants preferences comparing self-rated Falls Risk Questionnaire
(FRQ) and Activities-specific Balance Confidence (ABC) scale in community-dwelling
older adults
Principal Investigator
Dr. Joy MacDermid
Co-director Clinical Research Lab, Roth | McFarlane Hand and Upper Limb Centre,
St. Joseph's Health Centre, Professor, Physical Therapy,
University of Western Ontario
Co-Investigators
Co-Investigators
Dr. Hadi Kooshiar
Conflict of Interest
There are no conflicts of interest to declare related to this study.
Introduction
You are invited to participate in this research study, which will help us to understand
whether two questionnaires (FRQ and ABC-6) can be expected to provide similar findings.
In the case where two outcome measures agree with each other, your preferences might be
the major factor to distinguish which of the two measures is likely to be most useful. You
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are eligible for this study if you are at least 55-year-olds and are living independently in
the community.
Why is this study being done?
Falls are common in older people, more than one out of four older people falls each year.
Falls can reduce activity daily living of older people by causing injury, fear of falling, and
loss of mobility. Most fractures in older people, including fractures of hands, legs, and
pelvic, are caused by a fall. So, it is important that older adults understand whether or not
they are at risk of falls. One way to do this is to complete questionnaires that are designed
for predicting falls. It is important that the questionnaires are clear to older adults, easy to
read, and give accurate information. The purpose of this study is to help us understand
whether the FRQ and ABC-6 questionnaires can be used interchangeably. Also, if the risk
of falls measured by these two questionnaires agrees with each other, we would like to
know which one is preferred by you for falls screening.
1. How many people will take part in this study?
We require 100 eligible participants for this study. The online survey should take about 15
minutes to complete.
2. What will happen during this study?
After you read the online letter of information, you will consent your willingness to
participate in this study by clicking on "Yes, I voluntarily agree to participate in this online
survey and contribute to the study" button. Then, you will answer some questions about
yourself. You will also answer different questions that are used to assess your potential risk
of falls. There are no right or wrong answers.
3. What are the study procedures?
•

If you choose to consent, you can continue to the anonymous survey. If you choose
"No, I decline to participate in this study", the survey ends.

•

During this survey, you will be asked some questions about yourself and your risk
of falls and your balance status.
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•

The information you provide is for research purposes only. Some of the questions
are personal, but they are not linked to your identity. You may choose to withdraw
from the study at any point, participation is completely voluntary.

•

You will be provided with your risk of falls and balance confidence scores in this
survey. These responses will not be reviewed by your health care team - if you wish
them to know this information please bring it to their attention.

4. What are the risks and harms of participating in this study?
There are no known or anticipated risks or discomforts associated with participating in this
study.
5. What are the benefits?
There are no direct benefits to you than learning about your risk of falls and balance
confidence scores. The study team attempts to find research evidence for using the FRQ
for falls screening in community-dwelling older adults, this may benefit other people in the
future. We may identify gaps that could be used to improve measures.
6. Can participants choose to leave the study?
If you will not be eligible for this study, survey will be ended. If you decide to withdraw
from the study, you may do so at any time by exiting the survey window. Due to the survey
anonymous nature, the researchers will be unable to withdraw your data once your survey
responses have been submitted.
7. Voluntary Participation
Your decision to participate in this research is entirely voluntary. You may decide not to
be in this study, or you may participate now and withdraw at any time during taking the
survey. Even if you consent to participate, you have the right not to answer any questions.
8. What are the rights of participants (including in the event of a study related
injury)?
You do not waive any legal right by consenting to this study.
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9. Are participants paid to be in this study?
No incentive or compensation will be offered for participating in this study.
10. How will participant's information be kept confidential?
All privacy/confidentiality will be considered. We do not collect any information about
your name, address, or Facebook, Twitter, Craigslist, Kijiji, and LinkedIn accounts to
identify you. We collect your year of birth to confirm that you are eligible for the study. If
you need more information, contact the researcher directly through the provided email and
avoid replying to our posts, tweets on Facebook, Twitter, Craigslist, Kijiji, and LinkedIn.
Your survey responses will be collected anonymously through a secure online survey
platform called Qualtrics administered at UWO. Qualtrics uses encryption technology and
restricted access authorizations to protect all data collected. In addition, Western's
Qualtrics server is in Ireland, where privacy standards are maintained under the European
Union safe harbour framework. The data will then be exported from Qualtrics and securely
stored on Western University's online server. The laptops of the researchers conducting
this study are both passwords-protected and secure.
Qualified representatives of the following organizations may look at the records in this
study at the site where these records are held, for quality assurance (to check that the
information collected for the study is correct and follows proper laws and guidelines).
Including representatives of Lawson Quality Assurance Education Program, and
Representatives of the Western University's Health Sciences Research Ethics Board. After
the fifteen years of data retention, survey data will be destroyed according to Lawson policy
at the time.
11. Whom do participants contact for questions?
Everything that you discuss will be kept confidential. Thank you for considering
participation in this study. Please contact us if you have any questions to be sure you
understand the meaning of words in this consent form or when more information is needed.
You are always referred to the participant in this study.
You can print or save this letter.
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12. Consent
Implied Consent
You indicate your voluntary agreement to participate by responding to the online survey
by clicking on "Yes, I voluntarily agree to participate in this online survey and contribute
to the study" button at https://bit.ly/2XDXlRv
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